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DAVY-ASHMORE to build 











for Australia 


Davy and United Engineering Company Limited, a member of 
the Davy-Ashmore Group, has secured the order to build 
two surface blown oxygen converter furnaces for the 
Newcastle Works, New South Wales, of The Broken Hill 
Proprietary Co. Ltd. Each of these furnaces will have a 
capacity at each charge of 200 tons of liquid steel. 


DAVY-ASHMORE 


London Sheffield Stockton Glasgow Middlesbrough Hull Paris Montreal Melbourne 


Sydne Johannesburg Salisbury Bombay 
y 





To the highest stantirds 


of precision’ & o&. 


THE SKEFKO BALL BEARING COMPANY LIMITED « LUTON *- BEDS 
THE ONLY BRITISH MANUFACTURER OF ALL FOUR BASIC BEARING TYPES: BALL, CYLINDRICAL ROLLER, TAPER ROLLER & SPHERICAL ROLLER 
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Exclusive 
Design 


GRIST Other equipment specially designed for FOR WELL OVER 25 YEARS NEWELLS HAVE SUPPLIED 
steel works :- INSTALLATIONS SIMILAR TO THE ABOVE TO LEADING 
GRADING STEEL MANUFACTURERS AND COKE OVENS AT HOME 
pamusuiens Gaiatnnen Gmank & ethees. wmetnns AND ABROAD, MANY OF WHICH ARE REPEAT ORDERS. 
ANALYSIS MANUFACTURING EXPERIENCE COUPLED WITH HIGH 
TO SUIT HEAVY DUTY TABLE & APRON FEEDERS QUALITY WORKMANSHIP ENSURES FULL WORKING 
ORE CRUSHING & GRADING PLANTS SATISFACTION 
CUSTOMERS’ 


PLANTS FOR PRODUCING BASIC SLAG 
REQUIREMENTS LIMESTONE CRUSHING & SCREENING PLANTS 


Telephone: MISTERTON 224 and 225 


ERNEST NEWELL & COMPANY LTD., misTERTON VIA DONCASTER, ENGLAND 
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Our Pallet Service minimises the risk 
of damage in transit saves time 


Centre o yf eitdattson 4. ees quae 


gladly sent on request. 


— 
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To the expert’s discerning eye, a centre brick made by 
Wraggs of Sheffield represents all that’s finest in casting 
pit refractory manufacture. In addition to perfect external 
shape and accuracy of dimensions, the smooth internal 
finish ensures that no refractory inclusions are picked up 
by the metal during pouring. 


These attributes stem from years of specialisation in the 





casting pit refractory field, in which Wraggs were pioneers. 


UED And they all add up to the solid reliability demanded by 

ING " 

OME to-day’s busiest steelmakers. fe 
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_ LADLE LINING BRICKS 

MEIN SLEEVES 





TRUMPET BELLS 


Wraggs of Sheffield Ss 


) TRUMPET GUIDES 
. ° ° ° CENTRE BRICKS 
for reliable casting pit refractories INGOT FEEDER TILES 
RUNNER BRICKS 
} and 225 
LAND THOS. WRAGG & SONS (SHEFFIELD) LTD. LOXLEY, NR. SHEFFIELD. TELEPHONE: 343034 
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BIRMINGHAM 


Pearl Assurance House, Temple Row, Birmingham 2 
Telephone: Birmingham, Central 7831 
BRISTOL 


Equity & Law Building, 36/38 Baldwin Street, Bristol | 


Telephone: Bristol 94505 
GLASGOW 


18 Sandyford Place, Glasgow, C.3 
Telephone: Glasgow, City 3951 


LEEDS 


Brotherton Chambers, Grace Street, Leeds | 


Telephone: Leeds 33481 
LONDON 


32 Old Queen Street, Westminster, London SWI 
Telephone: Whitehall 3875 


MANCHESTER 


28/30 Wilbraham Road, Fallowfield, Manchester 14 
Telephone: Rushoime 7279 and 7270 


NOTTINGHAM 


Alliance House, 4 Clumber Street, Nottingham 
Telephone: Nottingham 46568 





Your ALLEN WEST 
Standard Air-Break Starters 


rs 4 and Spares are available ex stock 


Ni. Ro from Branch Offices 





For every electric motor 


there is an Allen West starter 


ALLEN WEST & CO LTD BRIGHTON - Telephone: Brighton 66666 - Telegrams: Control, Brighton 


Engineers and Manufacturers of Electric Motor Control Gear and Switchgear 


SUBSIDIARY COMPANIES IN CANADA, SOUTH AFRICA & RHODESIA 


AGENCIES THROUGHOUT THE WORLD 


JOURNAL OF THE IRON AND STEEL INSTITUTE 





Aes La ee ee Te ee ee ngs dies ag re = 4 
TO ee em ee 


Forgings and castings in carbon 

and alloy steels for electrical 

and general engineering purposes. 

Back-up Roll for 39” and 63” x-150" 4-High Plate Mill 
Arbour 44” O/D x 12’- 6” Long on barrel x 23'- 14" O/L 
Finished machined and fitted with Forged 


Alloy Steel Sleeve 63" 0/D « 44” I/D x 12’- 6" Long. 
Sclerescope Hardness 45/50° completed weight 72 tons 19 cwts. 


WILLIAM BEARDMORE & CO. LIMITED 


ighton 


STITUTE danuary, 1961 


Photography 

by courtesy of :— 

Messrs. Appleby Frodingham 
Stee! Company 

Scunthorpe, 

Lincolnshire. 








‘High Efficiency 
GAS CLEANING 


IRON OXIDE FUME REMOVAL 
FROM DESEAMING PLANT 


An irrigated Holmes-Elex Electrical Precipitator preceded by a 
gas storage/wash tower cleaning exhaust air from the deseaming 
plant at the Rotherham Works of Messrs. Steel Peech & Tozer (Branch 
of the United Steel Companies Limited). The photograph inset 
shows the exhaust hood enclosing the deseaming plant 


The first electrical precipitator to operate 
on deseaming plant in the U.K. was installed 
by our Gas Cleaning Division at the Corby Works 
of Messrs. Stewarts & Lloyds Ltd. in 1954. 
A further installation was recently commissioned 
at the Bilston Works of the same company. 


E C ELECTRICAL EQUIPMENT 


All electrical equipment used in conjunction with 
Holmes-Elex Electrical Precipitators 

is supplied by The Electric Construction 
Company Limited. 


W.C. Bele] Sie & CO. LTD. 


Gas Cleaning Division, Telephones: Huddersfield 5280 


Turnbridge, London: Victoria 9971 
Hudderstieild Birmingham: Midland 6830 
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- LONDON - JOHANNESBURG - SYDNEY "CALCUTTA 





THE STEEL INDUSTRY. 
HEAD WRIGHTSON 
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Your rolls, my lord 


TOHNSONS 
t' IMI-TED Makers of 
Aristocratic Rolls 


HALL END IRON WORKS - WEST BROMWICH .- Telephone WESt Bromwich 1181-5 
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The 


Colville 
Group 


of Companies 





united to serve the world demand for Steel 


COLVILLES LTD. 





THE CLYDE ALLOY 
STEEL CO. LTD. 





THE ETNA IRON & 
STEEL CO. LTD. 





THE LANARKSHIRE 
STEEL CO. LTD. 





SMITH & McLEAN 
LTD. 


January, 1961 


In Scotland, Colvilles are engaged on a vast development 
programme. By 1963 ingot capacity will be raised to 
3.3 million tons per annum, and the Group will produce 
in their modern mills the full range of steel products— 
heavy and light plates, sheets and strip. Heavy and light 
sections, bars and broad flange beams. 


F THE COLVILLE 


GROUP OF COMPANIES 


COLVILLES LTD 195 West George Street Glasgow C.2 


1 
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Motor room of the universal slabbing mill, 
The Steel Company of Wales. 


FIRST AGAIN 


Still using the original ‘ENGLISH ELECTRIC’ twin-drive motors installed over ten years ago, 
Britain’s first twin-drive, hot reversing, 45-inch slabbing mill at the Abbey Works of 
The Steel Company of Wales was transformed into Britain’s first universal slabbing mill. 


A new mill stand having additional edger rolls driven by a 4,000 h.p., r.m.s. 
“ENGLISH ELECTRIC’ motor was installed. This brought the total output of the main drive 
motors to 13,000 h.p., r.m.s. with a maximum cut-out of three times full load torque. 


The change-over to ‘universal’ was completed with only twelve days’ loss of production. 


ENGLISH ELECTRIC 


steeiworks equipment 





THe ENGLISH ELECTRIC Company Limitep, ENGLISH ELEcTRIC House, STRAND, LONDON, W.C.2 
Metal Industries Division, Stafford 


WORKS: STAFFORD , PRESTON ’ RUGBY ° BRADFORD ° LIVERPOOL ° ACCRINGTON 





12 JOURNAL OF THE IRON AND STEEL INSTITUTE 


Seven similar units already 
supplied or under construction 
for U.K. AUSTRALIA & JAPAN 


Hydraulically Loaded 
30° x 56° MILL 


for the Precision Skinpassing 
of Stainless Steel Strip 


THE Koja "as ENGINEERING COMPANY LTD. 
sole) I iavielehas aNtele-Wn Te) 
R.253 
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Interested in 
special 
shapes? 


K.I.P. 23 H.S.R. Insulating Firebrick 
special shapes are made by an entirely 
new process. 


Resistance to thermal spall is at least 
5 times better than normal insulating 
firebrick. 


Maximum recommended service 
temperature 2,300°F (1260°C). 








} 


FOR FURTHER INFORMATION ABOUT 


K.I1.P. 23 H.S.R. 


WRITE TO:- seseiese 


NGSC LIFFE 


NSULATING PRODUCTS LTD. 









Head Office: STORRS BRIDGE WORKS, 
LOXLEY, Nr. SHEFFIELD. Tel. 343844-8. 


One of the MARSHALL REFRACTORIES GROUP of Companies 
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Head Office: 
FLEMINGTON, MOTHERWELL 


Telephone: Motherwell 2445 











Better Cor-ten steel with silchromsol 


Better steel, cleaner steel, steel with improved properties. These results are now being 
achieved in the manufacture of ‘Cor-ten’ low chrome steel, with the help of Silchromsol 
silicon chrome alloy. Silchromsol additions produce spheriodal inclusions instead of 
stringers usually associated with brittleness. The result is steel with greatly improved 


ductility and better cutting and welding properties. This new alloy 


Si vitel,| 


was developed by Alloys Division Union Carbide Limited, London. foo -V-12118) 3 








% SILCHROMSOL is UNION CARBIDES trade mark for soluble ferrosilicon chromium. UNION CARBIDE is a trade mark of UNION CARBIDE CORPORATION 
UNION CARBIDE LIMITED - ALLOYS DIVISION - 8 GRAFTON STREET - LONDON W1 - MAYFAIR 8100 


CRC A44A 
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BARROW IRONWORKS 


Li M IT E V announce that from 


Ist November 1960, we have appointed 


S.W.M. (MACHINERY) LTD 


5 BRYNTEG, RHIWBINA 


CARDIFF (telephone CARDIFF 64486) 


to represent our Engineering Activities, throughout 


Wales, Monmouthshire, and at Shotton 


We are manufacturers of: 


BLAST FURNACE AND HOT BLAST STOVE EQUIPMENT 


including Hot Blast Valves, Goggle Valves, Chimney Valves, Cold Blast Valves, 
Slag Notch Stoppers, Tuyere Stocks, etc. 


SPECIAL MACHINES AND PROTOTYPES 


and we undertake 


GENERAL ENGINEERING WORK 
including Machining, Assembly, Shop Erection and Testing 








We shall be pleased to provide further information, either through 
our representatives, or direct 


BARROW-IN-FURNESS, LANCASHIRE 
Telephone: Barrow-in-Furness 830 (5 lines) Telegrams: Ironworks Barrow-in-Furness 
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CRAVEN BROS. 


CRANE DIVISION LTD. 


MANUFACTURERS 
OF ALL TYPES OF 
STEELWORKS CRANES 
AND HEAVY DUTY 
INDUSTRIAL CRANES 


CRAVEN BROS. CRANE DIVISION LTD. 
LOUGHBOROUGH ~—_ ENGLAND 


TELEPHONE LOUGHBOROUGH 2130 
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We specialise in the design 

and construction of: 

Open Hearth Furnaces. 

Soaking Pits of all types. 
Continuous Multi-zone Bloom 
and Slab Re-heating Furnaces. 
Continuous Bogie type Ingot 

and Slab Heating Furnaces. 
Furnaces for Aluminium Melting, 


I 
I 
I 
I 
CONTINUOUS BOGIE TYPE | Coil Annealing and Slab Re-heating. 
I 
I 
I 
I 
i 


Forge and Heat Treatment Furnaces. 
z N G OT bond fe Ee Ri EATI N G Stress Relieving Furnaces. 
FURNACES — 


Shipyard Plate and Bar Furnaces. 
GAS OR LIQUID FUEL FIRED 


Modern Lime Burning Kilns. 


ee 


The above illustrates an oil fired Ingot Preheating Furnace installed 


by us at The Albion Steel Works of The Briton Ferry Steel Co. Ltd. 


PRIEST FURNACES LIMITED °° LONGLANDS “© MIDDLESBROUGH 
also at KELHAM ISLAND WORKS ~ SHEFFIELD 3 
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In 
! industry 
| today... 


DRAGONITE 


electro-zinc coated steel 
is 
making things easier 


(all kinds of things!) 


Dragonite is taking the place of uncoated sheet steel in the 
manufacture of a constantly growing range of products... . 
from domestic appliances to farm machinery, from radio and 
electrical equipment to lifts and office furniture. And there are 
good reasons why. 

Dragonite is sheet steel which has been given a skin of zinc 
on both faces. It can be worked and welded just like uncoated 
steel but the surface of pure zinc gives greatly improved 
resistance to corrosion. Much longer periods of storage are 
possible before and after fabrication because the pure zinc 
coating is so ductile that it is not harmed by deep drawing and 
pressing. In fact, it acts as an excellent lubricant and saves 
on tool lie. 

Painting is easier, too, with Dragonite. The zinc surface forms 
an excellent base for paint. It reduces finishing costs and can 
increase the life of a painted surface up to five years over 
painted, uncoated steel. 











For more detailed information about Dragonite and how it 
might fit in with your production plans, please write for a copy 
of the Dragonite Technical Handbook to: 


KK THE STEEL COMPANY OF WALES LIMITED 


Port Talbot, Glamorgan. Telephone: Port Talbot 3161 
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CONTROL 
YOUR DUST... 


If you have a dust recovery or powder handling 
problem of any kind, you will find our latest 
brochure useful and interesting. In it we discuss 
dust collection in general and give numerous 
examples of the application of dust recovery 
equipment to various industries. The information 
in the brochure is based on many years’ experience 
in dealing with practically every kind of material 
in powder or fibrous form. It also contains 
illustrations showing different types of equipment 
varying from large centralized plant to small units 
for use with individual grinding or polishing 
machines. Enquiries invited to 

THE VISCO ENGINEERING CO, LTD, 
Stafford Road, CROYDON. Croydon 4181 


Vio60 


Modern Dust Collectors 




















Ask for ‘VISCO Dust Collection’, free on request. 
Fws 


danuary, 1961 21 




















With rising production costs it’s hardly likely. The people to see are 
Spencer-Bonecourt-Clarkson who for over forty years have been experts in 
waste heat recovery for steam raising in a wide range of industries. In addition 
to fire-tube boilers, S-B-C now also supply water-tube boilers. 

The vigorous approach of S-B-C technicians leads them into many fields of 
enquiry. They are experts on latent cooling techniques as applied to door frames 
and other parts of open hearth furnaces, and to the skids of reheating furnaces. 
Keeping abreast of the latest developments in the Steel and other industries, 

a team of S-B-C engineers recently toured Germany and other continental 
countries to inspect the newest techniques. 

S-B-C are the people best equipped to advise you and to act for you in the 
recovery of waste heat. Write or ‘phone today —time spent now can save you 
pounds for years to come. 


SPENCER-BONECOURT-CLARKSON LTD Leaders in Waste Heat Recovery 


A subsidiary company of Babcock & Wilcox Ltd. 
28 EASTON STREET « LONDON *- W.C.1 ° Telephone: Terminus 7466 
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Schieldro 


SELF-PROPORTIONING 





OIL BURNERS 


FOR 
CONSTANT 
AIR-OIL RATIO 





By means of a simple lever operation these 
burners ensure an accurate control of air and 
oil ratio giving peak efficiency, outstanding accuracy 
and high product quality. Schieldrop pioneered the 
self-proportioning burner in Great Britain and their unrivalled experience 
in furnace firing is recognised by the leaders in British Industry. 


Write for full details of Schieldrop Burners. 


Schieldrop « comPANy LIMITED 


S-\. Oat? B.S -« B82 


TELEPHONE 414 (4LINES) 
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2 CHANGE alump of stainless steel into a tiny tube -o11, 
0115” 0/d x -005/-007" i d,used forthe manufacture of 
automatic knitting needles in the textile industry, is only one 
of the many miracles that Accles & Pollock create for science 
and industry at their works at Oldbury, Birmingham. 
Behind this brilliant engineering know-how that will 
design and produce tubes of any size, any complexity, is 
the direction and impetus of a dynamic management that 
secures long-term advantages as well as immediate gain 
when making decisions. That’s why Accles and Pollock 





choose coal to keep their boilerhouse at its efficiency 


peak. Their experience has proved that coal, mechanically 
stoked, gives the maximum heat for the lowest cost: 
and they know that there is no shortage of coal—the 
home produced fuel. 

When the question of fuel for your factory is on the 
agenda, remember Accles & Pollock. Their choice is coal 
for a progressive and prosperous industry. Even if you 
get the name wrong, you get the decision right when you 
follow their example. 


PROGRESSIVE INDUSTRY IS GOING FORWARD 


ISSUED BY THE NATIONAL COAL BOARD 
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& X Pollock 





Mr. W. E. Powell, fuel engineer, com- 
ments: “Our boilers were designed, 
primarily, for burning the slack grading 
of solid fuel. Following experiments into 
ultimate economies, however, it was 
decided to change to the better fuel of the 
‘bean’ grading. Under test, it was found 
that solid fuel gave us excellent combus- 
tion conditions, at a challenging price per 
thousand pounds of steam. By making 
use of modern mechanical means of firing 
we are able to maintain strict control of 
operation practice. 

The boilers are of the non-flue type, 
and when fitted with grit arresters they 
satisfy all local and national regulations 
governing grit and smoke densities. 


~ COAL 


January, 1961 


& C 
4) 
De, 
b>, 
Qe 
& 
Io, 
La 
“Sf 
« 
<,- 
a ae 
F 


Most fuels can be controlled to give 
economical generation on the level ob- 
tained by solid fuel, but the use of coal 
does not entail the provision of ancillary 
equipment so necessary to the use of 
other heating mediums. 

The present boilers have been in exist- 
ence some ten to twelve years, and during 
that period we have experimented with 
all available means towards obtaining the 
best from our equipment. All our tests 
bring us back to the use of the ‘bean’ size 
coal. Given this heating medium, the 
operators have no difficulty in maintain- 
ing the efficiency level nominated by us. 
That is why we shall continue to use coal 
at Accles and Pollock.” 








And here are some key facts and figures about 
the Accles & Pollock boilerhouse at Oldbury 


Number of boilers 
Method of firing . 
Steam pressure 

Steam temperature 


Continuous max. rating 
Annual fuel consumption 


5 water tube 

Chain grate stoker 
120 Ibs. per sq. inch 
340°F. 

72,000 Ib. per hour 
20,000 tons of coal 











“That new Steelworks 
deserves a 


John Smith Crane !” 










aS 
F 


Special Service to Architects 
and Planning Surveyors 


Architects and Planning Engineers who are 
contemplating the incorporation of overhead cranes in 
new buildings or extensions are invited to write for our 
Table of Clearances, Weights, Wheel Loads, etc., for 
Standard E.0.T. Cranes. Advice on all lifting problems 


gladly supplied by our technical staff without obligation. eee 
a 


CRANES 


SOHN SMITH (KEIGHLEY) LTD. P.O. BOX 21 THE CRANE WORKS KEIGHLEY YORKS 
Telephone: Keighley 5311 (4 lines) Telegrams: Cranes, Keighley 





London Office: Buckingham House, 19/21 Palace St, Westminster, London SW1. Southern Counties Office: Brettenham House, Lancaster Place, London WC2 
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for 
maximum 
efficiency 
and 
trouble-free 
Service 







COPPEE COKE OVENS * 


AND 
BY-PRODUCT 


PLANT 


Please write for further details to: 


THE COPPEE COMPANY 


COPPEE HOUSE - 140 PICCADILLY 
LONDON W.]/ Telephone: HYDE PARK 680! 


(GREAT BRITAIN) LIMITED 


Telegrams: EVCOPPEE, NORPHONE, LONDON 
GLASGOW: 121 DOUGLAS STREET, C.2 
NEWCASTLE-ON-TYNE: MANSION HOUSE CHAMBERS, THE CLOSE 
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SERVICE TO INDUSTRY 


CIVIL ENGINEERING 

INDUSTRIAL PIPEWORK 
MECHANICAL ENGINEERING 
PIPELINE CONSTRUCTION 
PIPEWORK & VESSEL FABRICATION 
PLANT ERECTION 


WILLIAM PRESS & SON LIMITED 


Civil and Mechanical Engineers 


22 Queen Anne’s Gate, Westminster. London, 8.W.1. 
Telephone: WHItehali 5731. Telegrams: Unwater, Parl, London 
and at Willoughby Lane, Tottenham, London N.17. 

Tel: TOTtenham 3050. Telegrams: Totpress, London, Telex 
Telex No: 25365 


Abingdon . Bow . Chester . Darlington . Eastbourne . Kingswinford . Leeds 
Newton Abbot . Port Talbot . Titchfield 
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A busy man’s 
guide to Britain’s steel progress 


WINSTON CHURCHILL kept his finger on the pulse of things 
by asking for important information “‘on one side of a 
sheet of paper”’. 

The post-war achievements of the British steel industry 
would fill a book. Here, for the busy man whose eye we 
have this minute, is an account of what is happening now. 


PRODUCTION The British steel industry produced over 
24 million tons of steel in 1960 — compared with 20 million 
tons in 1959. Output is now about double the pre-war 
figure. Production of alloy steels—especially stainless steel — 
is expanding particularly rapidly. 

PLANT Since the end of 1946, almost {900,000,000 
has been spent on development. Continued modernisation 
and expansion — now costing some {125,000,000 a year — 
will provide steel capacity for over 30 million tons by 1965. 
Pig iron output per furnace and open hearth steel output 


per furnace are both more than double pre-war. With the 
need for ever-increasing efficiency and economy, ore 
beneficiation has made great strides and fuel consumption 
per ton of iron has been reduced by about 25 °% since the 
war. Use of oxygen for steelmaking is rapidly increasing. 
INDUSTRIAL RELATIONS (‘The industry keeps its 
remarkably good record for settling industrial disputes 
without recourse to strike action. British steel workers are 
often sons and grandsons of steel workers, richly endowed 
with traditional skills. Making steel exactly to specification 
is more than a commercial requirement; it’s a matter 
of pride. 


PRICES British steel prices have been keenly com- 
petitive since the war with those of other major European 
producers and well below the American price level - and 
the quality of British steel is unsurpassed. 


THE BRITISH IRON AND STEEL FEDERATION 
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THE BEETLE will propel up 
to 500 tons gross weight of 
railway wagons with remote 
control, and with automatic 
engagement and disengage- 
ment. it will operate also up 
gradients of 1 in 4, and overa 
long or short stroke. 


Hundreds of BEETLES are 
operating in Great Britain and 
overseas, handling railway 
stock selectively, safely - no 
loose ropes, no operatives in 
dangerous positions on the 
track - and with great saving of 
time and labour. 


Patentees and Manufacturers 








the BEETLE 
for wagon movement 








STRACHAN & HENSHAW LTD 


TEL: 78331 


BRISTOL 2 
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and forged 
rings 





Rolled and forged rings 

in ALLOY, STAINLESS and 
SPECIAL CARBON STEELS 
from 24 inches up to 7 feet 


=) 

2mnt outside diameter. 

B) BROWN BAYLEY STEELS LIMITED . SHEFFIELD 
-2 
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in the heat of the 
moment 


Silastomer insulated cables 
are manufactured by 


ASSOCIATED ELECTRICAL 
INDUSTRIES (WOOLWICH) LTD 


BRITISH INSULATED 
CALLENDER’S CABLES LTD 


ENFIELD STANDARD 
POWER CABLE CO LTD 


GREENGATE & IRWELL 
RUBBER CO LTD 


W. T. GLOVER & CO LTD 
JOHNSON & PHILLIPS LTD 


PIRELLI-GENERAL 
CABLE WORKS LTD 


RIST’S WIRE & CABLES LTD 
STERLING CABLE CO LTD 


ale Silastomer is the registered trade name of a comprehensive 
— range of silicone rubbers manufactured and marketed by 





Hot gases billowing into the air . . . furnaces searing the 
surroundings . . . molten metals pouring from crucibles . . . 
conditions such as these are certain indications of the need for 
SILASTOMER® insulated cables. 

Providing continuous long term operation in ambient tempera- 
tures up to 200°C, cables insulated with sILASTOMER silicone 
rubber are being specified more and more for complex 
industrial installations. They are resistant to low pressure 
steam, water, weathering and many chemicals and will with- 
stand corona discharge. Glass braided silicone rubber cables 
will continue to function efficiently through and after the 
outbreak of fire. 

These are the reasons why, in 1956, the Admiralty 
decided to use silicone insulated cables in all new ships of the 
Royal Navy and why this insulation was chosen for the cables 
in such important installations as the House of Commons. In 
many domestic appliances, too, SILASTOMER insulation is used. 

These are the reasons why, when ambient heat and fire 
hazard are major considerations, you should always specify 
SILASTOMER insulated cables. 


Qs) MIDLAND SILICONES LTD 


( Associated with Albright & Wilson Ltd & Dow Corning Corporation) 


first in British Silicones 


68 Knightsbridge - London - SW1 - Telephone : Knightsbridge 7801 


AREA SALES OFFICES: Birmingham, Glasgow, Leeds, London, Manchester 
Agents in many countries 


Muse 5 
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BILLET REHEATING FURNACE WITH TYPHOON BURNER 


HEATING FURNACES 


or ALL TYPES 





ANNEALING FURNACES 
OTHER SPECIALITIES: 
MORGAN GAS MACHINES @ SOAKING 
REHEATING FURNACES PITS (ISLEY CONTROLLED) @ HOT 
METAL MIXER CARS @ TYPHOON 
FORGE FURNACES ROTARY FLAME GAS BURNERS @ MILL 
FURNACES @ MORGAN  AIRJECTORS 


NASSHEUVER CONTINUOUS BRIGHT AN- 
WIRE AND STRIP FURNACES NEALING FURNACES (SOLE LICENSEES) 


CONSULTATIONS AND REPORTS 


L 
THE INTERNATIONAL CONSTRUCTION CO. LTD. 
56 KINGSWAY + LONDON - W.C.2 


Phone: HOLBORN 1871-2 Grams: SAHLIN, WESTCENT, 2 LONDON 
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4OON BURNER 


Thousands of L.S.E. floating-type motors have been 





S : (S3 LAURENCE, SCOTT & ELECTROMOTORS LTD 


supplied for run-out tables and similar applications 


(PES during the last decade. 


This motor has special mechanical and electrical 
features (the latter particularly for low-speed and 
variable-speed drives) which are described in a new 


NG publication now available. May we send you a copy ? 
OT 


ON 
LL Ask for Publication | | 3/2, from Laurence, Scott & Electromotors 


RS 
AN- Ltd., Publicity Dept., 376 Strand, London, W.C.2. 


ES) 


LAURENCE, SCOTT & ELECTROMOTORS LTD. 








LTD. Electrical Engineers since 1883 
2 LONDON NORWICH 
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PARADE 


PRECIPITATORS by Lodge-Cottrell 


ENGLAND 
TORONTO 


BIRMINGHAM 3 


SYDNEY 


GEORGE STREET 
JOHANNESBURG 


COTTRELL LTD 


LODGE 


DINANT CALCUTTA 


LONDON 


at 
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TRI-MOR HIGH TEMPERATURE MOULDABLE - TRI-MOR STANDARD 
mou a e all MOULDABLE - TRI-MOR HIGH STRENGTH CASTABLE - TRI-MOR 
STANDARD CASTABLE + TRI-MOR 1500 CASTABLE - TRI-MOR HIGH 
TEMPERATURE CASTABLE + TRI-MOR 1800 CASTABLE - TRI-MOR 


castable refractories | === 
MORGAN 


made by, a efractories Ltd 


MORGAN REFRACTORIES LTD., NESTON, WIRRAL, CHESHIRE. TELEPHONE: NESTON 1406 


NE 165A 
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PHOTO COURTESY STEEL CO. OF WALES 


MORE THAN 400 


REAVELL-ASKANIA REGULATORS 


HAVE BEEN SUPPLIED TO 


THE STEEL COMPANY OF WALES 


STANDARD 
E + TRI-MOR 
RI-MOR HIGH 
+ TRI-MOR 


REAVELL & co. LTD. Reavell-Askania Regulators. Instrument 


Panels. Complete Instrument and Control 
Schemes designed, installed & commissioned. 


Ltd REAVELL-FAHIE LTD. UO" 


STON 1406 RANELAGH WORKS IPSWICH. 
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Chemically Bonded Brands 
Stee! Cased. 


STEIN DIKRO 





STEIN DIMAG 


Illustration: 
General view 


Fired Bricks: STEIN KM - STEIN KM 8.D. - STEIN MAG.C > hea 
(roof quality) Open Hearth 
Melting Shop 


Far marian performance in qoen heard fume looss 
STEIN BASIC BRICKS 


For high refractoriness-under-load - good spalling 
resistance - high resistance to basic slags 
good volume stability 


For over 70 years Stein Refractories have proved their dependability in the iron and steel 
industries. This long experience is always at your service for improved furnace efficiency. 


You are invited to consult our long experience on all refractory problems. 


JOHN 6. STEIN & CO. LTD.. Bonnybridge, Scotland. Telephone: Banknock 255 (4 lines) 
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Rienadhing Steel 


SPECIALITIES 


ce 





IN ALL QUALITIES 





WIRE RODS | 





JOISTS C HANNE LS AERIAL VIEW OF A SECTION OF IRLAM WORKS 


ANGLES TEES PHOTOGRAPH BY AERO PICTORIAL LIMITED 
L E OTHER PRODUCTS 


FLATS & ROUNDS BASIC PIG IRON «+ FERRO-MANGANESE + TUBE STEEL 
FERRO-CONCRETE BARS (BENT & TWISTED) SQUARES + SASH AND CASEMENT SECTIONS 
HAMMER-LOCK STRUTS «+ COKE OVEN BY-PRODUCTS 
MILD STEEL & BALING HOOPS IRON, STEEL AND NON-FERROUS CASTINGS 

CABLE TAPE CONCRETE FLAGS, KERBS, ETC. 


LANCASHIRE STEEL MANUFACTURING COMPANY LTD 


Head Office: 


: Tel ; 
a WARRINGTON pie sie 


LANCASTEEL 
WORKS: IRLAM & WARRINGTON 
London Office: KINNAIRD HOUSE, PALL MALL EAST, S.W.I Telephone: WHITEHALL 7515 - Telegrams: LANCASTEEL, LESQUARE, LONDON 
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STEPHENS’ 


Super Grade Low Alumina 


Silica Brick 


FINE SILICA CEMENT FOR 
SETTING SILICA BRICK 


< 


STIGNIC CEMENT FOR BASIC 
STEEL LADLES 


KILN CAPACITY OVER Ks 
1} MILLION BRICKS SPECIAL FIRE CEMENTS for all 
a 


STEPHENS’ SPECIAL ELECTRIC 
FURNACE ROOF BRICKS 


< REGENN BRICK without doubt the best 
Brick for Soaking Pits, Checkers, and 
Regenerator Chamber Walls 


Stephens SILICA BRICK CO.,LTD. 


KIDWELLY 


Telegrams :—STEPHENS, KIDWELLY Codes:—ABC 4th & 5th Editions 


Liebers & Marconi 
Telephone:—KIDWELLY No. 1 
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another THORNTON contract 


however you look at it 7 


YOU WILL agree that this Ingot Car is a nice job. Its sleek business- hey 

like lines commend it as a sound job, but it's only when you look 

underneath that you appreciate its truly functional design. Built 

with a wide margin of safety to carry four 5-ton ingots it will take 

a total superimposed load of 50 tons. This is one of many Ingot 

Casting Cars constructed to house automatic couplings and 

fitted with free running wheels on roller bearings and fixed 

axles. f pn : 

Consult us for the design and manufacture of medium and i - 2 We shall be glad 
heavy engineering equipment for all steel works plant : 
including Rolling Mills and their auxiliaries, all types of 
Ingot and Transfer Cars, Gas Works and Chemical Plant, : 
Heavy Fabrications and Pressure Vessels. | and specifications 


to quote against 


your requirements 


= 


5th Editions 
Marconl 


B. Thornton Limited, Turnbridge, Huddersfield. Telephone 754! 


EEL INSTITUTE danuary, 1961 
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From experience Gibbons “H.T 1” insulating refractory is the 
automatic choice of leading furnace manufacturers and users — its 
combination of low thermal conductivity with resistance to high 
temperatures has proved remarkably effective in minimising heat 
losses and raising furnace outputs. The Gibbons “‘H.T 1"’ is developed 
from more than 20 years’ experience in 


the manufacture of insulating refractories t B (| 
and today an entirely new and original } } 
manufacturing technique enables us to 


C 
| 
N' 

offer material having unique physical 

properties at a price you can afford to pay. INSULATING 





Refractory Insulating Concrete - Concrete Aggregates - Super-Plastic Jointing Cements - Surface Coating Cements 4 
Gibbons (Dudley) Ltd., Dibdale Works, Dudley, Worcs. Telephone: 5514! 
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for TEMPERATURE MEASUREMENT & CONTROL 


Reo Street. Brig « 
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GRIFFIN BRAND 


STEEL SHEETS 


Light and Heavy industry are served 
by GRIFFIN BRAND Steel Sheets — 
Black, Galvanised, Flat and Corrugated. 


have the largest general Galvanizing 
Plant in Great Britain. 





* We make the widest Steel Sheets and 


Metal Spraying by the most up-to-date 
methods done in our works or “in situ’’. 








Metals deposited include: Zinc, Tin, 
Aluminium, Copper, and all its alloys, 
Cadmium, Monel Metal, etc. 


179 WEST GEORGE STREET, 


GLASGOW, C.2 
Tel.: CENtral 0442 ’Grams: CIVILITY, Glasgow 
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M.E./SCHACK RECUPERATORS FOR 
SOAKING PITS 
Sins tea 








The eight sets of M.E./Schack convection flue tube recuperators shown in the 
above photograph are mounted on eight one way fired soaking pits at the Appleby- 
Frodingham Steel Co., Scunthorpe. The recuperators are mounted in ‘‘tower’’ 
formation, the gas recuperator being directly over the air recuperator as shown in 


the sketch on the left. The latest four sets are designed for heating 170,000 c.f.h. 


of combustion air to 650°C, and 230,000 c.f.h. of blast furnace gas to 530°C, 














: METALLURGICAL ENGINEERS LTD. 


" 5-15 CROMER STREET LONDON WCIl. 
Terminus 8689 


v 


Siac 
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RANGE OF PRODUCTS 
Billets from 3” sq. upwards. 

Rounds from 3” to 94”. 

Hexagons from 3” to 33”. 

Squares from 3” to 44’. 

Flats in certain sizes. 

Colliery roof supports and accessories. 
Special T.H. yielding arches. 


COILED BARS 


Rounds 3” to #4 in 500 Ib. coils. 
Rounds 3” to I7%” in 900 Ib. coils. 
Hexagons 3” to 7%” in 500 Ib. coils. 
Hexagons ar to 1” in 900 Ib. coils. 
Coils may be split if required. 
COLD FORGING 
QUALITY WIRES 

0.240" to 0.550” in 500 Ib. coils. 
0.550” to 1.000” in 900 Ib. coils. 
Coils may be split if required. 


TOW VEGGIE 
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STEELS WITH 
CARBONS 0-08 — 0°85", 
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CASE-HARDENING STEELS 
FREE CUTTING STEELS 
LOW ALLOY STEELS 


STEELS FOR COLD FORGING 


FOR BRIGHT DRAWING, 
DROP STAMPING, FORGING 
AND GENERAL ENGINEERING 


PARK|GATE| STEEL 


THE PARK GATE IRON & STEEL COMPANY LIMITED ROTHERHAM 


TELEPHONE: ROTHERHAM 214! (15 lines) @® TELEGRAMS: YORKSHIRE, PARKGATE, YORKS. TELEX 54141 
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FAMOUS 
PLANT 


SUPPLIED BY 


DMM (MACHINERY) LTD 
UNIVERSAL HOUSE 
60 BUCKINGHAM PALACE ROAD 
LONDON, SWI 
Telephone: 
SLOANE 0701 (3 lines) 
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“STELLITE” RESISTS WEAR 
AT HIGH TEMPERATURES 











in action 


guide 





faced rolling mill 


**Stellite’’ 
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Iilustration 


Throughout all branches of the Steel Industry Deloro Stellite alloys have 
proved to be extremely resistant to arduous conditions of abrasion and 





heat. Components protected with these alloys show a lifé increase of up 
to 500%. Applications include hot shear blades, ingot tong bits, twist 
rolls, etc. 


“Stellite’’ is applied by normal welding processes, or the recently 


developed Spray-Fuse and Powder Welding methods. 


DELORO Our area engineer will be pleased to call and give any advice you may require 
STELLITE ‘* 





DELORO STELLITE LIMITED - HIGHLANDS ROAD - SHIRLEY - SOLIHULL - WARWICKSHIRE 
DELORO STELLITE DIV. OF DELORO SMELTING & REFINING CO. LTD. BELLEVILLE - ONTARIO - CANADA 


The names “ Deloro” and “ Stellite’’ are registered trade morks 
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DMM (MACHINERY) LTD 
UNIVERSAL HOUSE 
60 BUCKINGHAM PALACE ROAD 
LONDON, SWI 


Telephone: 
SLOANE 0701 (3 lines) 
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“STELLITE” RESISTS WEAR 
AT HIGH TEMPERATURES 
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Iilustration 


Throughout all branches of the Steel Industry Deloro Stellite alloys have 






proved to be extremely resistant to arduous conditions of abrasion and 






heat. Components protected with these alloys show a lifé increase of up 






to 500%. Applications include hot shear blades, ingot tong bits, twist 
rolls, etc. 







“Stellite’’ is applied by normal welding processes, or the recently 
developed Spray-Fuse and Powder Welding methods. 






DELORO | Our area engineer will be pleased to call and give any advice you may require 
STELLITE * 









DELORO STELLITE LIMITED - HIGHLANDS ROAD - SHIRLEY - SOLIHULL - WARWICKSHIRE 
DELORO STELLITE DIV. OF DELORO SMELTING & REFINING CO. LTD. BELLEVILLE - ONTARIO - CANADA 


The names “Deloro”’ and ** Stellite’’ are registered trade marks 
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Intensive Research & Development 


by 
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SILICA BRICKS 
Industry) 


REINFC 110 B IRON BONDED 
BASIC BRIC BRICKS (Cupolas) 


SEMI-SILICA BRICK: SILLIMANITE BRICKS 
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The The The 
OUGHTIBRIDGE SILICA CLEVELAND MAGNESITE SWANN RATCLIFFE & CO 
FIREBRICK CO LTD & REFRACTORY CO LTD (BRASSINGTON) LTD 
Oughtibridge nr. Sheffield Normanby Brickworks, Normanby Wirksworth, Derbyshire 
Tel: Oughtibridge 2311 Middlesbrough Tel: Normanby 255-7 Tel: Carsington 201-2 4 


Companies of the Steetley Refractory Brick Division 
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INDIA'S 


STEEL PRODUCTION 


The immense growth of steel output in India 
is being achieved with the aid of 
Brookhirst Igranic equipment, specified 


for its built-in quality and reliability. 
@ Type SM brakes are 
especially designed for 
use with the 400 and 600 
ranges of mill motors. 


Steel makers must have 
the best: they order 
Brookhirst Igranic. 


@ BHI makes the 
world’s finest range 
of lifting magnets— 
for every kind of 
iron and steel handling. 


@ Throughout the iron and steel industry, 
at home and overseas, Brookhirst Igranic 
control equipment handles process 
operations and the flow of raw 
materials— blast and open-hearth 
furnace charging, rolling mill auxiliaries, 
sinter plants, process lines, and metal 
handling by crane, orebridge or 
lifting magnet. 





BROOKHIRST IGRANIC 


Sales Headquarters & Export Sales Division: BEDFORD WORKS BEDFORD 
q Works at: CHESTER & BEDFORD 


Metal Industries Group Area Offices: LONDON * BIRMINGHAM - BOURNEMOUTH - LEEDS * MANCHESTER - GLASGOW « BRISTOL 
NEWCASTLE UPON TYNE * EAST ANGLIA + CARDIFF - SHEFFIELD - NOTTINGHAM * BELFAST 


Makers of Britain’s widest range of electrical control and associated equipment 
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KEEN 


IRON & STEEL COMPANY LIMITED, 


east moors, GARDIFF. 


TELEPHONE: CARDIFF 3315! 
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“| THOUGHT | HEARD SOMETHING!" 


You did, and it doesn’t require a detector as sensitive 
as this vast radio telescope to hear that many 
foundrymen and metallurgists rely upon us for their 
supply of special refined pig irons. 


BRADLEY & FOSTER LIMITED 


FOR QUALITY CONTROLLED REFINED PIG IRON 


DARLASTON : STAFFORDSHIRE 


Telephone: JAMes Bridge 2353 (7 lines) Telegrams: BRADLEY DARLASTON 
A member of the Staveley Coal & Iron Co. Ltd. Group 
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} BLAST FURNACE 
REFRACTORIES 


























NUMAX 

A new dense, high fired refractory to meet the most 
exacting conditions encountered in the stack in 
modern furnace operations. Main features of this 
refractory are very low porosity, high resistance to 
abrasion and a very low iron content which makes for 
complete immunity from carbon monoxide attack. 





SILLMAX ‘I’ 


A 100% bondless Sillimanite refractory of highest 
purity and low porosity for use in the lower stack, 
bosh and hearth. Very resistant to slag and alkali 
attack and volume stable at the highest temperatures 
likely to be encountered in the blast furnace. 











An improved quality stack refractory with a high 
abrasion resistance and resistant to carbon monoxide, 


= FOSTER HIGH GRADE ‘S’ 
e FOSTER CROWN ‘S’ 


An improved quality 42% Alumina refractory for 
use in the lower stack, bosh and hearth. 














Zs FOSTER CARBON 

A well-tried and proved refractory for use in hearth, 
well and bosh. Can be supplied in either large 
blocks or standard sized bricks. 




















INSULATION 


A complete range of G.R. Amberlite insulating 
material is available. 








VLZZZZ/ 






Suitable jointing cements and ramming compositions are available 
for use with the various blast furnace refractories described above. 


GENERAL REFRACTORIES LTD 
GENEFAX HOUSE - SHEFFIELD 10 * Telephone: SHEFFIELD 31113 i troctras 
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AND 
RIMMING 
FREE CUTTING 
LEAD BEARING 


AT ITS 
BEST 
CARBONS UP TO 1.0% 
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DEEP STAMPING 


BRITISH STEEL 


wor«s 


Branch of G.K.N. Steel Company Limited 
NORMANBY PARK STEEL WORKS 
SCUNTHORPE, LINCOLNSHIRE 

Tele. 2271 (7 lines) 


LYSAGHT’S SCUNTHORPE 















































































































































































































































































































































































































































































































































































































































HOT ROLLED STEEL BARS 


Round * Square ¢ Flat 
Ferro-Concrete Bars bent to Specification 


HOT ROLLED STEEL 
HOOPS AND STRIP 


Coils or cut lengths 


COLD ROLLED = 
STEEL STR [ Pp VERY HEAVY 


in all qualities including CONTINUOUS 


Special Deep Stamping LENGTH 
in cut lengths or coils COILS 
Electro-Galvanised Strip 


THE WHITEHEAD IRON & STEEL CO LTD 
Phone: 6540! (P.B.X.) NEWPORT MON Grams: Whitehead Newport 


LONDON OFFICE BIRMINGHAM OFFICE GLASGOW OFFICE MANCHESTER OFFICE 
STEEL HOUSE, KING EDWARD HOUSE 50 WELLINGTON STREET, CHRONICLE BUILDINGS 
THILL STREET, S.W.1 NEW STREET, BIRMINGHAM, 2 GLASGOW, C.2 MANCHESTER 
T $ Telegrams: Ti : Telegrams: 
WHITEDSTEL, PARL, LONDON WHITEDSTEL, BIRMINGHAM WHITEDSTEL, GLASGOW WHITEDSTEL, MANCHESTER 
Telephone: Telephone: Leger Telephone: 
WHITEHALL 2964 MIDLAND 0412-3 ce L 1528 BLACKFRIARS 1603-4 
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NMobtux Crease. is a lithium-base 


lubricant of excellent structural stability and 
purity. It is a new, general-purpose grease 
superseding conventional greases. It provides 
effective lubrication for the majority of grease 
applications over a temperature range from 
minus 20°F to 250°F. It is exceptionally resistant 
to water washing and contains special 
additives to prevent rust formation. Both in 
the laboratory and in the field Mobilux Grease 
has proved its outstanding efficiency as a 


lubricant and protector. 


MOBILUX 
GREASE 


ECONOMY, SERVICE indDUSTRIAL LUBRICANTS 
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HEAT TREATMENT PLANT 


At British Timken, rollers have their own line— 
an EFCO continuous production line—whe 
been previously carburised they are au 


nee a Pre 
: ‘B Pre 


hardened and tempered to the precise spet 





necessary for them to perform their arduous 3 Cha 


& Pre 
duties.for British Railways. FURNACES 3 Pre 
the best of the worlds furnace designs Pre 


Like Timken—be on the right lines—with EFCO ; Pre 


EFCO FURNACES LIMITED 
QUEENS ROAD, WEYBRIDGE, SURREY ~- Weybridge 389! 


Associated with Electro-Chemical Engineering Co. Ltd. 
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From 1930 to 1937 Mr Fiennes was manager of the pneumatic tool 
department at the Scotswood works of Sir W. G. Armstrong 
Whitworth and Co. (Engineers) Ltd in Newcastle-upon-Tyne. In 1937 he 
joined The United Steel Companies Ltd as commercial assistant to the 
managing director. He was later in charge of gun forgings and the gun 
departments of Steel, Peech and Tozer, and during this time he was 
responsible for liaison with and promotion of various other special 
armament activities within the United Steels group. 

Mr Fiennes was with the Brush Electrical Engineering Company Ltd at 
Loughborough from 1942 to 1945 as general works director with special 
responsibility for the steam turbine division. In 1945 he was appointed 
managing director of Davy and United Engineering Company Ltd, 
Sheffield, and he is at present managing director of Davy-Ashmore Ltd, 
the plant engineering combine formed last year by the merger between 
Davy—-United Ltd and The Power Gas Corporation Ltd, which includes 
the Stockton works of Ashmore, Benson, Pease and Company Ltd. 
During Mr Fiennes’ association with Davy-United the company has 
expanded greatly and has actively participated in the development of the 
British iron and steel industry in the last decade, besides being 
associated with major overseas undertakings such as ISCON at 
Durgapur. 

Mr Fiennes is a director of various companies associated with the 
Davy-Ashmore group. He joined The Iron and Steel Institute in 1946, 
and last year he was elected a Member of Council. 
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PAPERS AND REPORTS ON RESEARCH AND PRACTICE 


Metallurgy 
Plant Operation 
Research 


Removal of scale from steel rod by stretching 


K. Sachs and T. Pitt 


INTRODUCTION 


THE SCALE FORMED on steel rod during hot rolling must 
be removed before the subsequent wire-drawing opera- 
tion, otherwise excessive die-wear and scoring of the 
wire surface will occur. Removal is normally by 
pickling, but costs can be high, and disposal of spent 
acids presents many problems; the mechanical de- 
sealing process has therefore attracted commercial 
interests. 

Mechanical descaling involves bending the steel 
wire round a series of pulleys before it enters the draw- 
ing die. Owing to the difference in ductility between 
the metal and its oxide, the scale cracks into flakes and 
spalls away from the rod. This often gives satisfactory, 
though incomplete, scale removal. The process has the 
advantage of being incorporated in the drawing opera- 
tion, considerably reducing handling costs. 

Unfortunately the small amount of scale remaining 
on the rod after mechanical descaling tends to score the 
wire-drawing dies. Improvements in the surface finish 
of mechanically descaled rod will reduce die wear and 
make the finished wire suitable for many applications 
at present reserved for pickled and limed wire. At- 
tempts to remove the residual scale with rotating wire 
brushes or with abrasives have not been unequivocally 
successful.!+?.3 A considerable body of opinion based 
on practical experience in the wire trade and on 
laboratory experiments suggests that the nature and 
structure of the scale on the hot-rolled rod determines 
how easily and how effectively it is removed in the 
mechanical descaler.!:*:*. 4.5.18 A study of the mech- 
anism by which scale spalls off the surface of the rod 
during plastic deformation and of the influence of 
easily controlled variables should make it possible to 
indicate the most desirable scale for mechanical de- 
scaling and to suggest how its formation is influenced 
by hot-rolling practice. Clearly, extensive research will 
be required before it is possible to improve the effect- 
iveness of mechanical descaling by attention to the 
hot-rolling procedure. A first step is the study of wide 
variations in scale thickness and properties, if necessary 
by the use of furnace scales grown under laboratory 
conditions. 

There appears to be a tendency for thick scales to 
be removed more effectively than thin ones.'+* '* 
This is probably due to the higher stress imposed on 
thick scales by bending over the pulley, but other 





Manuscript received 17 October 1960. 

Dr Sachs is Head of Research Metallurgy Section, GKN Group 
Research Laboratory, Wolverhampton, and Mr Pitt is research 
assistant, Department of Metallurgy, Birmingham College of 
Advanced Technology. 


SYNOPSIS 
Steel rods of different carbon contents were oxidized for 
5 and 20 min at 700°, 800°, and 900°C. They were 
stretched in a tensile machine and the scale that spalled off 
was weighed and screened. The influence of the inde- 
pendent variables, time and temperature of oxidation, 
and carbon content of the rod, on the weight of scale 
formed, amount and proportion of residual scale, and 
particle size of spalled-off scale, was assessed by the use 
of standard statistical techniques; the separate effect of 
each variable was determined and random scatter ex- 
cluded. The total amount of scale and weight of adherent 
scale increased with time and temperature of oxidation, 
while the proportion of adherent scale was independent of 
these factors but tended to increase with carbon content ; 
particle size of the spalled-off scale was independent of 
carbon content and duration of scaling but increased with 
temperature. A study of the direct interactions between 
the dependent variables, particularly the recognition of 
cause and effect, required a more empirical approach. 
The weight of adherent scale and its proportion of the 
total decreased as the scale grew thicker. The flake size of 
spalled-off scale increased with scale thickness and 
oxidation temperature. There was no relation between 
scale adherence and particle size of spalled-off flakes. 
Experimental evidence leads to the following view of 
the mechanism of spalling ; a gap or plane of weakness is 
formed very close to the interface, perhaps towards the 
end of oxidation or more probably during cooling ; when 
the rod is stretched, transverse cracks break wp the outer 
scale into blocks which fall away ; a very thin film of oxide 
remains attached to the metal together with isolated 
columns of oxide holding some blocks of thick scale to the 
adherent film. 1898 





factors must also play a part because the same trend 
has been detected in descaling experiments using 
tension.*.* If spalling is caused by shear displacement 
at the scale/metal interface, then large flakes are more 
likely to spall than small ones®; the size of flakes is 
likely to increase with scale thickness.'. '* The present 
investigation was intended to establish whether there 
is in fact an effect of scale thickness on the scale 
retained after mechanical descaling and to study the 
influence of scaling time and temperature, and the 
carbon content of the steel, on descaling behaviour; 
the particle size of the scale removed by descaling was 
also measured in order to find out whether it bore a 
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1 Perspex box for collecting spalled-off scale x } approx. 


relation to the amount of scale retained. The mutual 
interactions of these variables were considered in some 
detail in an attempt to discriminate between possible 
spalling mechanisms. 

So as to provide samples with a wide range of scale 
thickness it was necessary to oxidize clean lengths of 
rods for various times at various temperatures, 
instead of using hot-rolled rods. Every effort was made 
to parm scale resembling rolling scale in appearance 
and spalling behaviour, as far as possible. The results 
indicate the effects of controllable variables; they 
cannot be applied directly to the scales on hot-rolled 
products. 


EXPERIMENTAL PROCEDURE 
Preparation of scales 
Commercially produced hot-rolled rods (5 swg wire- 


TABLE | Particle size analysis: Wt. and °, on each sieve 


rod) with carbon contents of 0-05, 0-09, 0-19, and 
0-49%, were mechanically straightened, pickled, and 
polished with 600 grade emery paper. This ensured a 
uniform initial surface condition throughout the 
samples. The scales were produced by soaking the rods 
for 5 or 20 min at temperatures of 700°, 800°, or 
900°C, followed by air cooling. 


Descaling procedure 

A plastic extension of 8%, was used throughout the 
experiments because it was known from published 
work®*.’ that an elongation of this order removes the 
bulk of the scale. The flakes of scale detached from the 
rod during plastic deformation were caught in a 
Perspex box (Fig.1). The box had ¥#-in dia. holes 
drilled in its roof and floor so that a long rod could be 
pushed straight through. The rod samples were about 
13 in long and were attached to the box by rubber 
seals held by ‘Jubilee’ clips. These supported the box 
on the rod during elongation and ensured that all, and 
only, the scale on the section of rod inside the box was 
collected. By making sure that the rubber seals were in 
contact with the outside edges of the box on assembl- 
ing, a standard gauge length of 6} in was obtained in 
all descaling operations. 

After 8% elongation any scale that still loosely 
adhered to the surface was brushed into the box and 
the total scale removed was collected. In many cases 
four samples of rods after identical treatments were 
descaled in order to obtain a sufficiently large, repre- 
sentative sample for particle size analysis. 


Particle size analysis 


The scale samples were vibrated in a nest of sieves on a 
standard sand-testing machine. A preliminary experi- 
ment indicated that the tendency to breakdown of the 
scale was very small indeed, and that between 10 and 
15 min vibration gave reliable and reproducible 
results. The sieves used were British Standard screens 
having mesh numbers 8, 16, 44, and 150 respectively. 








Mesh >8 16 44 150 <150 
6C wt % Wt % wt % wt % wt % 
20 min at 900°C 3=—_ «00-05 0-234 15-8 0-484 32-6 0-623 42-0 0-124 8-3 0-018 1-2 
0-09 0-050 4-85 0-292 28-5 0-560 54°5 0-117 11-35 0-010 1-0 
0-19 0-291 14-2 0-957 46:8 0-703 34-4 0-083 4-1 0-008 0-4 
0-49 0-020 3-0 0-172 25-9 0-384 57-8 0-078 11-7 0-011 1-7 
20 min at 800°C = 0-05 0-035 5-4 0-167 25-9 0-316 48-9 0-114 17-7 0-014 2-1 
0-09 0-146 15-6 0-406 43-1 0-274 29-2 0-095 10-1 0-021 2-2 
0-19 0-020 3-3 0-082 13-6 0-304 50-4 0-168 27-9 0-030 5-0 
0-49 0-010 5-4 0-020 10-9 0-068 36-9 0-070 38-0 0-016 8-7 
20 min at 700°C =—s_:« 0-05 Nil 0-006 1-4 0-061 14-2 0-249 58-0 0-113 26-4 
0-09 Nil 0-016 5-0 0-097 30-4 0-157 49-3 0-049 15-7 
0-19 Nil 0-007 3-8 0-037 19-9 0-091 49-0 0-051 27-4 
0-49 Nil Nil 0-024 28-6 0-041 48-8 0-019 23-7 
5 min at 900°C 0-05 0-406 59-4 0-620 26-2 0-244 10-3 0-071 3-0 0-022 1-0 
0-09 0-861 42-3 0-647 34-1 0-348 18-4 0-106 5-6 0-006 0-3 
0-19 0-201 12-9 0-524 33-6 0-606 39-0 0-201 12-9 0-008 0-5 
0-49 0-140 8-6 0-670 41-6 0-622 38-2 0-153 9-3 0-020 1-2 
5 min at 800°C 0-05 Nil 0-014 2-7 0-087 17-1 0-310 61-0 0-103 20-3 
0-09 0-004 0-8 0-066 11-5 0-200 38-1 0-212 40-5 0-047 9-0 
0-19 Nil Nil 0-021 11-3 0-088 47-3 0-077 41-4 
0-49 Nil 0-006 3-8 0-026 16-6 0-073 46-6 0-052 33-0 
5 min at 700°C 0-05 Nil 3 flakes 0-022 9-4 0-062 26-5 0-150 64-1 
0-09 Nil 3 flakes 0-021 9-4 0-078 34:8 0-125 55-8 
0-19 Nil 1 flake 0-008 3-6 0-084 37-7 0-131 58-7 
0-49 Nil Nil 0-010 6-2 0-061 37-9 0-090 55-9 
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2 Flake keyed firmly to the surface 
x 12 approx. 


After 12 min the amount of scale on each sieve was 
weighed. The results of this analysis are reproduced 
in Table I. 


| Examination and removal of the scale remaining on the 
rod after mechanical descaling 

It would have been desirable to estimate the particle 
f size distribution of the scale particles remaining on the 
rods. Unfortunately this was found to be impracticable 
and only the total weight of this adherent scale was 





TABLE 11 Experimental results 





Weight of scale Mean particle 











Total scale remaining per size (mesh size 
Treatment Steel, r lin rod l-in rod passing 50% of 
%C length W,g length w, g scale) p (NAW) 
20 min at 0-05 06-1178 0-0026 0-0587 
900°C 0-09 0-0838 0-0036 0-0523 
0-19 0-1580 0-0015 0-0675 
0-49 0-0579 0-0074 0-0495 
20 min at 0-05 0-0515 0-0023 0-0483 
800°C 0-09 0-0752 0-0027 0-0680 
0-19 0-0466 0-0015 0-0398 
0-49 0-0171 0-0030 0-0295 
20 min at 0-05 0-0180 0-0013 0-0145 
700°C 0-09 0-0138 0-0010 0-0190 
0-19 06-0112 0-0009 0-0154 
§ 0-49 00-0044 0-0013 0-0182 
: 5minat 0-05 0-0923 0-0013 0-0950 
j 900°C 0-09 0-0749 0-0019 0-0840 
0-19 0-0619 0-0021 0-0573 
0-49 0-0646 0-0020 0-0605 
5Sminat 0-05 0-0274 0-0014 0-0173 
800° 0-09 06-0221 0-0015 0-0273 
0-19 0-0088 0-0017 0-0111 
0-49 0-0072 0-0012 0-0135 
5 min at 0-05 0-0066 0-0006 0-0067 
700° 0-09 0-0066 0-0005 0-0088 
0-19 0-0061 0-0003 0-0073 
0-49 0-0046 0-0005 0-0078 
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determined. However, before this remaining scale was 
removed, a visual examination of each sample was 
carried out under a low-power binocular microscope. 
The adherent scale particles were then removed by a 
modified iodine extraction technique using a solution 
of 18% iodine in alcohol, double distilled over calcium. 
Two 5 in lengths of each sample were soaked in the 
solution in a thick-walled boiling tube for approxi- 
mately 48 h, the spent solution being drawn off and 
replaced by a fresh one after 24 h. 

The actual stripping operation was not carried out 
in a nitrogen atmosphere; this precaution is normally 
recommended? to keep oxygen out of the system and 
make absolutely sure than no oxidation takes place in 
solution. So as to strip all the required specimens in a 
reasonable time, boiling tubes with rubber stoppers 
were employed and the risk of slight oxidation accept- 
ed. It is extremely unlikely that the weight of residual 
scale has been appreciably affected, but the propor- 
tions of different phases may have been influenced to 
some extent. 

After treatment the scale still attached to the rods 
was brushed into the tube and the solution decanted. 
The scale was thoroughly washed in clear industrial 
spirits and dried in an oven at 70°C. It was then 
removed from the tubes and weighed (results are given 


in Table II). 


EXPERIMENTAL RESULTS 

Measurements of scale properties 

From the available data a particle size distribution 
curve was plotted for each scale sample. The mean 
particle size of each sample was then read as that mesh 
size (measured in nominal aperture width) through 
which 50% of the scale would pass. The results are 
given in Table II. 
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3 Loosely adherent scale on 0-19%C rod, oxidized for 20 min 
at 900°C and stretched 8% x 1250 


Visual and microscopic examination of the scale 

remaining after deformation 

Mild steel and low-carbon steel rods scaled for 20 min 
at 800° and 900°C showed, after descaling, patches and 
sometimes quite large areas of very thin scale, covering 
in some cases up to 80% of the surface area. In addi- 
tion, there were some small flakes of quite thick scale, 
which seemed to be remnant particles of the original 
scale thickness. Some of these could be removed easily 
with a fairly soft brush; others were more adherent. 
In addition there were isolated small blocks that 
seemed very firmly embedded in the surface in areas of 
uneven oxidation (see Fig.2). In cross-section, the 
surface of the descaled rod was largely bare; the adher- 
ent film that could be detected by direct examination 
was too thin to be resolved satisfactorily in the cross- 
section. A few pieces of scale could be observed here 
and there. They were mostly thick enough to corres- 
pond to the full initial scale deposit and consisted of 
wiistite with a relatively thin outer magnetite layer, 
consistent with normal scale growth at 900°C. In some 
cases (Fig.3), the scale wae badly cracked and did not 
seem very firmly attached to the substrate; in others, 
the scale was sound and fully adherent (Fig.4). 

Less severely scaled rod showed no evidence of 
uneven oxidation and no embedded blocks were found. 
Some quite extensive scale deposits had rather thick 
magnetite layers. That shown in Fig.5 was formed in 
5 min at 900°C and its thickness was about half that of 
the scale on specimens oxidized for 20 min (cf. Fig.4); 
this is the theoretical ratio of thicknesses and suggests 
that both layers represent the full scale thickness. A 
rather thinner oxide film is shown, admittedly at a 
slightly lower magnification, in Fig.6; it consists pre- 
dominantly of magnetite. Possibly this represents not 


TABLE 11! Real interaction matrix 





Se ay Se a f=w/W p 





Carbon, % C 0 0 0 (1) (2) + (4) 0 (6) 
Time, t 0 + (1) + (2) 0 (4) 0 (6) 
Temperature, 0 + (1) (2) 0 (4) + (6) 
Total scale weight (or 

thickness), W (3) (5) + (7) 
Weight of adherent 

seale, w + (10) 0 (8) 
Proportion of adherent 

scale, w/ W 0 (9) 


Particle size, p 





the entire original scale, but an unusually thick inner 
film; the outer layer was presumably separated by a 
gap from this film and spalled off when the rod was 
stretched. 

Another feature of these rods is illustrated in Fig.7. 
Deep depressions in the surface, rolling laps, and other 
defects, are filled with oxide. There may be a tendency 
for this firmly rooted oxide to hold some scale to the 
surface as appears to be the case with the smaller 
defect. It has been suggested that a rough surface 
after rolling favours the retention of oxide.° Even if 
the oxide breaks off level with the main surface of the 
steel, however, it may come into contact with the die 
in wire-drawing and cause scoring and wear. 


CONSIDERATION OF RESULTS 
interpretation of the experimental results 


The experimental variables, time and temperature of 
oxidation, and carbon content of the steel, have a 
direct influence on the thickness of the scale formed. 
They may also affect the structure and mechanical 
properties of the scale and these in turn determine the 
amount of scale retained after plastic deformation. If 
the experimental results in Table II are to be used to 
assess the influence of scale thickness on the amount of 
oxide retained, this factor must be distinguished from 
the effects of the three independent experimental 
variables, which are themselves of considerable inter- 
est; interpretation is further complicated by the sub- 
stantial scatter of results. By combining statistical 
analysis with direct physical interpretation of the 
results in Table IT it has been possible to elucidate the 
main interactions between the experimental variables 
and the observed characteristics of the scale. Such an 
analysis is demonstrated in the Appendix; the conclu- 
sions reached are collected in a ‘real interaction matrix’ 
(Table III). The causal relations between any two 
factors are indicated at the intersections of the corre- 
sponding row and column. The absence of correlation is 
indicated by 0, changes in a common direction by +, 
and opposing ones by —; no attempt has been made to 
assess the strength of the correlation. 
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4 More firmly adherent acale 
on similar rod x 1250 
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5 Scale on 0-19%C rod, oxidized 
for 5 min at 900°C and 
stretched 8% x 1250 


Summary of general conclusions 

Descaling by plastic deformation is more effective the 
thicker the scale’: 5.*.18; if the effect of time and 
temperature on the scale thickness are allowed for, 
their independent influence on the scale properties 
tends to make it more adherent; increased carbon 
content of the steel has a similar effect. 

The scale that spalls off during plastic deformation is 
broken up into coarser particles the thicker the initial 
scale layer’. '* and the higher the temperature of its 
formation. There is no direct evidence about the block 
size of the adherent scale, but the particle size of the 
spalled-off scale may be regarded as a crude indication 
of the likely size distribution; no correlation with the 
weight or proportion of adherent oxide could be 
detected. 


Mechanism of scale spalling 


The scale on commercial steel mill products usually 
consists of a thin adherent inner layer separated by a 
gap from the bulk of the oxides.'®. !! Cooling stresses,'® 
various stresses building up in the growing scale,*:'° 
or the accumulation of vacancies at the scale/metal 
interface,'® often lead to separation of fairly thick 
layers from the substrate, and in the final scale struc- 
ture the phases are intermingled in a complex manner, 
owing to the penetration of oxygen into the gap under 
the scale. 

When the rod is stretched the metal deforms 
plastically while the oxide breaks in a brittle manner. 
Previous publications indicate that 78-98%, of the 
scale is removed when the rod is deformed!:®: *; in the 
present work the range is 80-7—97-8°%, for low-carbon 
steels and 70-5-96-9% for steels with 0-49°%,C. It is 
possible that the scale separates from the rod at the 
metal/oxide interface, but that cannot be the only site 
of failure, because some scale is retained (cf. Figs.2, 4, 
and 8). A more likely plane of weakness is the gap 
between the bulk of the scale and the adherent oxide 
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film. Metallographic examination of mechanically de- 
scaled rod®."! usually indicates that most of the rod 
surface is bare down to the metal (as far as can be 
judged in the polished cross-section) and that the 
scale that is retained has the form of small blocks of 
appreciable thickness, generally consisting of all the 
layers present on a complete scale and often corres- 
ponding to the full thickness of the original scale 
(Figs.5-7). Some X-ray evidence in support of this 
observation has also been obtained.* It would seem, 
therefore, that the scale cracks transversely into 
blocks of various sizes and that these spall off as 
flakes, separating either at the metal/oxide interface 
or at the gap in the scale. 

From the point of view of wire-drawing behaviour 
the most important question to be answered concerns 
the character, quantity, and properties of the oxide 
remaining on descaled rod. Thus it is of some practical 
interest to find out whether the remaining oxide con- 
sists predominantly of thick blocks or of a thin film 
covering most of the surface. 

If the weight of residual scale (w) represents mainly 
a thin adherent film, it will depend on the thickness of 
the film, i.e. the location of the gap in the original 
scale. However, the results in Table III indicate that 
w diminishes as the total scale weight (W) increases; 
this would imply that the gap is formed closer to the 
interface the thicker the scale layer, which seems 
highly improbable. It follows that small adherent 
blocks form a significant or even predominant part of 
the residual scale w; increase in the total scale weight 
W would give thicker blocks and can lead to a 
decrease in their weight w only if the area of adherent 
blocks shrinks faster than their thickness grows. It 
follows that the number or size of oxide columns 
across the gap diminishes with scale thickness. The 
effect of carbon content of the steel on scale adhesion 
suggests that it favours the persistence of such oxide 
columns or ‘bridges’. 





¢ 
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6 Thinner oxide film on 
similar rod x 850 
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Separation of the scale from the substrate slows down 
oxidation of the metal beneath the gap and the overail 
: rate of scaling is maintained by continued oxidation 
; elsewhere, in areas where the scale remains adherent. 

An extensive gap must lead to intermittent healing and 

the formation of a inner scale layer. In the 

present work, however, scales on the mild steel 
specimens were substantially compact, yet the gap 
extended over such a large proportion of the inte 

area that the bulk of the scale spalled off on stretching. 

This can best be cg, by separation of the scale 

from the substrate during cooling, rather than as part 

of the oxidation mechanism.** If this is the case, 
bridges represent areas where this separation has not 
occurred, either because cooling stresses are less severe 
or because the material at the interface can withstand 
them better. It has been suggested that the formation 
of magnetite at the metal/oxide interface, which has 
been observed on hot-rolled material, may be initiated 
by compressive stresses in the wiistite and may tend 
to relieve them.™' Thus, magnetite formation and 
lateral cracking are alternative methods of accom- 
modating the stress. If cracking occurs, the scale 
separates from the metal and a very thin oxide film 
forms in the remainder of the cooling cycle; if magnet- 
ite is formed, the scale remains attached to the metal. 

Thus, bridges may represent areas where a magnetite 

seam has formed at the interface and factors favouring 

this mode of wiistite decomposition will tend to 

increase the total bridge area. An adherent block of 

er with magnetite at the interface is shown in 

e stress in the scale is presumably higher when 

the scale is thicker and this may encourage cracking 

and reduce the bridge area. It has been suggested" 

that the presence of carbon in the steel may also 

nucleate magnetite formation and this may account 

for the tendency of the bridge area to increase with 
carbon content. 





Steel with 0-49%C 
This steel differs from the others in having much less 
total scale W without a corresponding decrease in the 


weight of adherent scale w (¢f. Table I1). It follows that 
the proportion of adherent scale f is appreciably 
preg ase in other steels, implying that the area of 

e bri is appreciably larger, a possible reason 
for this has been indicated. 

It seems possible, however, that with higher carbon 
contents the disruption of the scale by the evolution 
of carbonaceous gases'* plays a predominant role in 
the mechanism of scaling. An extensive gap at the 
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interface, together with rapid healing of transverse 
fissures in the outer scale layer, could account for the 
appreciable decrease in oxidation. In such circum- 
stances the inner scale layer could well be spongy’® and 
mechanical failure on stretching might occur within 
the spongy scale. 

It seems possible, therefore, that the scale on steels 
with carbon contents of the order of 0-5% spalls in a 
different manner from that on mild steel. The adherent 
shell beneath the gap is porous and much thicker; 
nevertheless blocks of the outer layer remain attached 
to it and spall off more readily the thicker the total 
scale. 


Effect of scale on die wear 


The particle size of the scale that spalls off when the 
rod is stretched is apparently not relevant to the 
mechanism of scale removal. However, it throws an 
interesting light on the mechanical properties of the 
scale. If the scale cracks in a brittle manner the strain 
imposed in stretching will open up Griffith crack 
nuclei and these will grow until the scale fails trans- 
versely. For a given strain in the rod, the stress in the 
scale will be less severe the thicker the scale, so that 
fewer nuclei will operate and fewer cracks will form; 
naturally, the coherent blocks between the transverse 
cracks will be larger. Increase in temperature also 
leads to a larger particle size of the descaled oxide and 
this points to a smaller number of nuclei large enough 
to be activated by any given stress, corresponding to 
an increase in the inherent brittle strength of the scale. 

The residual scale is believed to be responsible for 
increased die wear in the wire-drawing of mechanically 
descaled rod, although other contributory factors have 
also been mentioned in the literature.’: * Very little 
information about the effect of different types of scale 
on ease of removal and subsequent die wear is avail- 
able, but it has been reported’: '* that minimum scale 
is not invariably associated with minimum die wear, 
that a high proportion of magnetite in the descaled 
oxide is often accompanied by severe die wear, and it 
is generally believed':*.*.*.5 that hot-rolled rods 
from some sources are exceptionally easy, others 
unusually difficult, to draw after descaling in the same 
machine. 

The factors likely to influence die wear are the 
properties and relative proportions of the adherent 
films and the residual blocks. The structure of the 
latter, and the proportion of various oxide phases 
present in them is likely to resemble those of the 
spalled-off scale; a higher proportion of magnetite 
would tend to make them more abrasive. The adherent 
film may carry a thin magnetite layer if oxygen has 
penetrated into the gap and will be unusually rich in 
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magnetite if it has formed in cooling.'* In some cases, 
therefore, the adherent film may be more abrasive 
than the thick blocks and this may account for cases 
of severe die wear in spite of relatively small amounts 
of residual scale. 

If a higher temperature of oxidation increases the 
mechanical strength of the residual blocks it may also 
make them more abrasive. More precisely: the final 
particles produced by the stresses will be coarser. 
These would be dragged through the die and would 
increase die wear. This suggests that high tempera- 
tures of hot rolling may lead to greater difficulty in the 
drawing of mechanically descaled rod; it would be 
interesting to compare this deduction with practical 
experience but care must be taken to keep other fac- 
tors constant: for instance, higher rolling temperature 
will produce a thicker scale and thus reduce the 
amount of residual oxide. 


APPENDIX 


Statistical analysis of the results 


The probability that two sets of figures are interrelated can be 
expressed statistically by correlation coefficients, which can be 
tested for significance, i.e. by discovering whether the devia- 
tion from zero can be accounted for by the variance of the 
experimental results. Full correlation coefficients refer to the 
relation between any two factors, regardless of variations of 
other factors, while partial correlation coefficients indicate the 
degree of the relationship when all other factors are held con- 
stant. Both full and partial correlation coefficients were deter- 
mined for the experimental results in Table IT. 

It was necessary in some cases to overcome the excessive 
rigidity of partial correlation coefficients where all extraneous 
variables are fixed by the use of ‘intermediate partial correla- 
tion coefficients’ where only some of them are held constant 
but the principal variables retain one or more degrees of free- 
dom. By the use of these methods the causal relations between 
the variables have been elucidated qualitatively and summar- 
ized in a ‘real interaction matrix’ in Table III. The absence of 
a significant relation is indicated by a 0; positive and negative 
correlations are shown by the appropriate signs. The detailed 
reasoning leading to the various correlations is presented 
below and the number of the relevant paragraph is marked at 
each intersection in Table III. It was taken as axiomatic that 
there could be no causal connexion between the independent 
variables (0, t, and C). 


1. Effect of the independent variables on the total amount 

of scale W 

Both commonsense and partial correlation coefficients indicate 
that the relationships between scale thickness and tempera- 
ture and between scale thickness and time are significant 
(at 5%): (rwt.ecep=+0°6324 and rwyes+cup= +0-6592). 
In Table III the relations between W and both @ and ¢ are 
therefore shown as positive. 

As regards the influence of the carbon content of the steel on 
the amount of scale formed, both the full (rwc=—0-2412) 
and the partial (rw .6,)=0°2622; rwc.%s»= —9°0823) cor- 
relation coefficients are not significant. A very pronounced 
drop in total scale weight W in the 0-49%C steel is obvious 
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8 Adherent scale on hot-rolled rod 
after 10% deformation x 1250 


from Table II but it has evidently been masked by random 
scatter at lower carbon levels. 


2. Effect of the independent variables on the adherent scale w 
The influence of both time and temperature on the weight of 
scale remaining on the surface after plastic deformation is 
demonstrated by highly significant full and partial correlation 
coefficients. Accordingly, the interactions between w and both 
6 and ¢ are positive in Table III. 

The effect of carbon is less clearly defined. Both full and 
partial correlation coefficients are not significant. However, @ 
and ¢ have such a strong effect on w that it may not vary at all 
when these factors are held constant; it is possible that when 
6 and ¢ are free, the variation in w is related to the carbon con- 
tent of the steel. In fact, rc. w= + 0-3794, which is significant 
at the 5% level. This indicates an interaction between carbon 
content and residual scale and Table III is marked accordingly. 


3. Effect of original scale weight W on the adherent scale w 
The full correlation coefficient suggests that the amount of 
adherent scale increases with scale thickness (r,.w=0-3561 
10% significant), but since both these variables increase with 
time and temperature, this relationship may be spurious. The 
partial correlation coefficient indicates even more strongly that 
the amount of adherent scale diminishes as the scale grows 
thicker (r,,.w.ac,= —0-4854, significant at 5% level), but since 
there are no degrees of freedom left, this may apply only to the 
random fluctuations of the two variables. In this context the 
intermediate correlation coefficients are especially useful; they 
were selected to leave as much scope as possible for variation 
in the original scale weight W: 

TWeo+= 0-274 (not significant); r,. we= —0-227 (not 

significant); r,.w.o,= —0-618 (significant at 5% level). 


Evidently, growth in scale thickness due to a rise in tem- 
perature or time of oxidation is accompanied by an increase in 
the amount of scale retained on the surface after stretching 
(Table II). When the time of the oxidizing treatment is held 
constant, and the amount of scale formed varies primarily as 
a function of temperature, the positive correlation coefficient 
becomes much smaller and ceases to be significant. When the 
temperature is held constant the coefficient becomes negative, 
and when the time also is constant, the negative coefficient is 
numerically large enough to be significant. This shows that the 
apparent correlation between w and W is due to their common 
dependence on @ and t, The real causal connexion between 
them is revealed when @ and ¢ are held constant. The coeffi- 
cients for these conditions are negative, and the conclusion 
that the thicker the original scale the less oxide adheres after 
plastic deformation is recorded in the real interaction matrix 
in Table ITT. 


4. Effect of independent variables on the proportion of 
adherent scale (f=w/W) 
The intermediate coefficients with W held constant: 

(r4-w = 0-30; rfo.w=0-15) 
are not significant and indicate that the variation with time 
and temperature of the proportion of the scale remaining on 
the surface can be fully accounted for in terms of variations of 
wand W separately. 

Since carbon content has no significant effect on W but 
increases w, its effect on the ratio between them is also likely 
to be positive. The partial correlation coefficient is significant 
at the 5% level, and the intermediate coefficient r,c,w=0-508 


Journal of The Iron and Steel Institute January 1961 





8 Sachs and Pitt Removal of scale from steel rod 


is also highly significant. Evidently there is an increase in the 10. Relation between the weight w and proportion (f=w/W) of 
residual scale fraction with rising carbon content in the steel; adherent scale 
the effect of a carbon content as high as 0-49% is in fact No correlation coefficients have been estimated. However, it 
obvious from Table IT. has been shown that increase in w is associated with a decrease 
ae ; in W; it follows that there must be an even sharper rise in 
5. Effect of the amount of original scale W on the residual w/W. Table III has been filled in accordingly, to complete the 
fraction (f=w]W) ; : interrelation matrix. T h 
The ratio w: W must decrease as W increases, unless there is a 
corresponding rise in w; it has been shown already in Table IIT : 
(see above) that in fact w decreases with a rise in W. ACKNOWLEDGMENTS ‘ b 
It follows that increase in scale thickness must lead to@ The authors thank Mr R. E. Peake for his patient 4 e 
reduction in the fraction of adherent scale and this is recorded ¢xHo8ition of the statistical techniques involved and : 
in Fable HI. Mrs B. Hughes for the computation of numerous cor- ste 
6. Effect of independent variables on the particle size p of the relation coefficients. They are also indebted to Dr T. : 
scale removed by plastic deformation Emmerson, Director of Research, GKN Group 
There is no effect of time or carbon content. The particle size Research Laboratories, for permission to publish this K.C. 
increases at higher oxidation temperatures; this is confirmed paper. 
by both full and partial correlation coefficients and by inter- The bulk of the experimental work was carried out 
ae ee by T.P. at Birmingham College of Technology as a INTRO 
50.w = +0°4830; r59.c= + 0°8584 research project forming part of the Dip. Tech. course. : THE ¢ 
srope 
7. Biffect of total weight of scale Won particle size p ar 
The full correlation coefficient is positive and highly signifi- REFERENCES 
cant. However, both total scale weight and particle size . C. Ersennurn: Stahl Hisen, 1957, 77, 323-334. 
increase with temperature. The intermediate coefficient with . 8. Garser: BISRA Restricted report, MW/D/21/57. ‘ llov 
@ held constant . Symposium on Mechanical Descaling: Wire Wire Prod., ie 
(r,w.o=0-5482 significant at 5% level) 1954, May, 501-510. invest 
; : i : . R. D. Hooper et al.: Unpublished work. ; resist 
proves that the increase of particle size with scale thickness, 5 § G,rper: BISRA Restricted report MW/D/49/57. other 


is real. . K. Sacus and G. T. F. Jay: JISI, 1959, 193, 34—44. Sha 


8. Relation between particle size p and the residual scale w . C. E1tsennuta: Stahl Hisen, 1955, 75, 1092-1099. stituti 
The relationship r,,—-+0-4007 (significant at 5%) suggests . W. H. J. Vernon et al.: J. Chem. Soc., 1939, 621-632; compx 
that the amount of adherent scale increases as the particle JISI, 1944, (2), 81P-92P; J. T. Nurse and F. WoRMWELL: i where 
size increases, but both factors increase significantly with J. Appl. Chem., 1952, 2, 550-554. 5 : to eq’ 
temperature. The intermediate partial correlation coefficient . U. R. Evans: ‘Review of oxidation and scaling of heated Quarr 
caleulated with temperature constant (r,,.9=—0-1870) is solid metals’, 1-17, HMSO, London, 1935; ef. U. R. Evans: 


; the ca 
ot signi t, and that the relationshi t real. Nature, 168}, 008, 1083-1086, 
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9. Relation between particle size p and the residual scale . K. Sacus and G. T. F. Jay: JISI, 1960, 195, June, 180— niobiu 
fraction (f=w]/W) 189. carbid 
The full correlation coefficeint is significant (r,, = —0-5393). . 8S. Garser: JISI, 1959, 192, 153-160. of Cr- 
However, particle size increases with the total weight of scale, . A. Dravnreks and H. J. McDona tp: J. Electrochem. Soc., steels. 
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The carbide constitution and tempering 


behaviour of chromium—vanadium-—niobium 


steels at 700° C 
K.C. Mills, B. B. Argent, and A. G. Quarrell 


INTRODUCTION 


THE CREEP PROPERTIES and various other physical 
properties of alloy steels are dependent upon the 
nature and distribution of the carbide, nitride, and 
intermetallic phases present. Several workers have 
correlated the physical properties of steels with their 
alloy content and with the carbides present. These 
investigations led to the development of ferritic creep- 
resisting steels containing 0-2°,C-Cr—-V and various 
other alloying elements. 

Shaw and Quarrell! investigated the carbide con- 
stitution at 700°C of 0-2%C-Cr-V steels ranging in 
composition from 0-12%Cr and 0-2%V. In cases 
where carbide transformations occurred, the approach 
to equilibrium was also studied. Later Smith and 
Quarrell? investigated the effect of molybdenum on 
the carbide constitution of similar steels at 700°C. The 
present work has been concerned with the effect of 
niobium, a strong carbide-forming element, on the 
carbide constitution and the tempering characteristics 
of Cr—V steels. Attention has mostly been limited to 
steels containing 0-2 or 1-0°%Nb. 


EXPERIMENTAL 
Preparation of steels 


Previous workers!:* prepared air-melted alloys in an 
18 lb induction furnace and steels 1-8 of the present 
investigation were cast in this manner. The nitrogen 
contents of these steels were high; in the range 0-02- 
0-04%, and so the remainder were vacuum cast in a 
28 lb Efco Edwards vacuum induction melting unit. 
Nitrogen contents of ~0-006°, were obtained; about 
the same as in industrial practice. Steels 59-101 were 
28 lb melts cast into a 3-in square chilled mould and 
steels 130-230 were 14 Ib melts cast into two 7 lb 
moulds tapering from 2 in square at the top to 1 in at 
the bottom. All the ingots were soaked at 1 200°C and 
forged to 1 in bar. After metallographic examination, 
twice the apparent depth of decarburization was 
machined off the forged bar. 


Heat-treatment of steels 


After a preliminary series of experiments the following 
standard heat-treatment was used for all the steels. 
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SYNOPSIS 
The carbide constitution and tempering characteristics 
of chrome-vanadium steels containing 0:2% and 
1-0°%,Nb have been determined. it is suggested that the 
niobium additions reduce the carbon available for com- 
bination with iron, chromium, and vanadium and that 
these changes in the effective carbon content have caused 
the observed movement of the carbide phase boundaries. 

1886 





3 in specimens about ? in dia were soaked for 4 h at 
1300°C, followed by } h at 1150°C and then quenched 
into iced 9%, brine. Tempering treatments at 700°C 
were carried out in lead baths, which employed a coal 
gas atmosphere to prevent oxidation. 


Examination of the carbide phases 

The carbides were extracted electrolytically using a 
cell developed by Smith and Quarrell.? An electrolyte 
of 15% sodium citrate, 1°%,KCNS, 0-05°,HCI, 0-02% 
formaldehyde is used and a current density of 
0-025 A/cm? was maintained for 30 h. The carbide 
particles were separated by centrifuging the used 
electrolyte and they were then washed with distilled 
water, alcohol, and ether, and allowed to dry. 

The carbide residues were chemically analysed for 
Cr-V-Fe-Nb-Ta. The Cr-V-Fe contents were 
determined using standard techniques for steel 
analysis. The Nb plus Ta content was determined 
gravimetrically* and the niobium content was found 
colorimetrically.‘ Tantalum contents were obtained as 
the difference of these two figures. 

Previous workers!;*»5 have shown that carbon 
analysis is unsatisfactory, as decomposition of the 
carbide occurs during extraction and results in an 
apparent carbon content greater than the true value. 
All of the analytical data have therefore been expres- 
sed in metal—atom ratios, e.g. chromium metal—atom 
ratio is: 














Cr% 

52-01 
Cr% , V% Fe% _ Nb% , Ta% 
52-01 50:95 55:85 92-91 180-8 


The carbides were identified by X-ray examination 
using CoK« or unfiltered chromium radiation. In the 
earlier stages of the work a 9 em Metropolitan- Vickers 
powder camera was employed but in the later stages 
a Guinier focusing camera was used with great success 
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1 Relationship of the amounts of & ferrite to the composition of 

the steels 


for the identification of carbides present only in trace 
quantities. 


Metallographic examination of the steels 


Specimens for optical and electron metallographic 
examination were prepared by wet grinding on silicon 
carbide papers (220 C-600 A) followed by electro- 
polishing in an electrolyte of 950 ml glacial acetic acid 
and 50 ml perchloric acid. The conditions for electro- 
polishing varied with the steel composition but the 
applied voltage was kept between 55-75 volts and the 
polishing time was between 55-70 s. Finally the speci- 
mens were etched in Villelas Reagent. 

The amount of 6 ferrite was determined by the use 
of a Swift semi-automatic point counter fitted to a 
Watson microscope. 

Carbon extraction replicas were prepared for elec- 
tron microscopy using a secondary etchant of 5% 
nital or 5% bromine in alcohol. The replicas were 
examined at various magnifications on a Metropolitan- 
Vickers EM3 microscope. 


SOLUTION TREATMENTS FOR CARBIDES IN 

0-2%6, Cr-V-Nb STEELS 

Previous workers':? have employed austenitizing 
treatments of 4 h at 1200°C followed by an oil quench 
for 0-2%C-Cr—-V(—Mo) steels. When this heat-treat- 
ment was employed in the present investigation, NbC 
was identified in the as-quenched state. The tempera- 
ture might have been too low to effect a complete 
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solution of the niobium carbide or precipitation might 
have occurred during the quench. More vigorous 
quenches into water and 5%, iced brine were no more 
effective and therefore the following solution treat- 
ments were tried for steels 1 and 2: 

(i) 4h at 1300°C 

(ii) 4 h at 1350°C 

(iii) 4 h at 1400°C 

(iv) 4h at 1400°C followed by 4 h at 1150°C to 

prevent 5 ferrite formation 

(v) 24 h at 1300°C. 
All these heat-treatments were followed by a very 
efficient quench into iced 9% brine, but none succeed- 
ed in effecting a complete solution of the niobium 
carbide. Four steels containing 0-1°,Nb and one steel 
containing 0-05°,Nb were investigated, but after 4 h 
at 1300°C and a brine quench, these steels too con- 
tained NbC. Thus noreasonable heat-treatment brought 
about a complete solution of the NbC and the presence 
of NbC in the as-quenched state was accepted; a 
standard heat-treatment of 4 h at 1300°C followed by 


rt 
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$ h at 1150°C, to prevent 6 ferrite formation, was dependence of the amount of 6 ferrite upon the 
adopted. vanadium and niobium contents. Chromium in 
Two 0-2°%Nb steels (86 and 88) and several 1:0°%,Nb amounts from 0-5% acts as an austenite stabilizer and 
steels with high chromium and vanadium contents 4 ferrite was not observed in this range of composition; 
contained 8 ferrite on quenching from 1150°C and it in larger amounts it is a ferrite stabilizer. 
was therefore of interest to examine the relationship The amount of ferrite was calculated from the 
of the amount of 6 ferrite to the quenching tempera- chemical composition of the steel using the method 
ture. The amount of 8 ferrite remained virtually con- suggested by Andrews.*® In most cases the calculated 
stant over the range 1050-1150°C and hence little values were not in good agreement with the observed 
advantage could be gained by lowering the quenching values, and this is probably because niobium and 
temperature. vanadium are strong carbide formers. 
The amount of 5 ferrite is dependent upon the 
chromium, vanadium, and niobium contents of the 
steel (Fig.1). Vanadium and particularly niobium Nature and structure of the carbide phases observed 


stabilize ferrite, and this is confirmed by the strong The carbides observed in this investigation are listed 
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16 Miils et al. Carbide constitution and tempering behaviour of Cr-V-Nb steels 


9 Electron micrograph of steel 61 tempered for 1 h at 700°C. 
Carbon extraction replica x 9000 


10 Electron micrograph of steel 61 tempered for 10 h at 700°C. 
Carbon extraction replica < 9000 


Journal of The Iron and Steel institute January 1961 


11. Electron micrograph of steel 61 tempered for 100 h at 700°C. 
Carbon extraction replica x 9000 


below together with the structures quoted by Gold- 

schmidt’: 
Fe,C 
Cr,C, 
CrasCg 


orthorhombic with 16 atoms/unit cell 
hexagonal with 80 atoms/unit cell 
complex cubic with 116 atoms/unit 
cell 
VC-V ,C, NaCl-structure a=4-30-4-13 ka 
NbC-Nb,C, NaCl-structure a=4-46—-4-42 kz. 
In addition another phase, denoted z in Table I, was 
observed; the d values which are given in Table II do 
not correspond to any known carbide or intermetallic 
phase but give a reasonable agreement with (FeMn)O 
(NbTa),0,. 


TABLE I! Comparison of the d values of the phase X with the 


d values of the phase (Felin)O.(NbTa).0. 





d values for phase X observed in the various steels 
Steel Steel Steel Steel Steel 
no.130 as- no.203 as- no.130 no.227 222 


no.222 (FeMn)O. 
quenched quenched tempered tempered 


tempered (NbTa),O, 
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12 As Fig.4, steel 179 (1:98%Cr, 0-03%V, 1-14%Nb, 
0-21%C) 


The presence of this compound in vacuum-melted 
alloys is surprising but could result from oxide im- 
purities in the ferroniobium; an alternative, more likely 
explanation is that fine carbide particles are oxidized 
during extraction. The discrepancies between d values 
observed and those for (FeMn)O (NbTa),O, could be 
caused by the solubility of the other alloying elements 
in this compound. 

Niobium carbide has a range of existence from NbC 
to Nb,C, and the lattice parameter varies from 
4-457 kx to 4-420 kx. The observed parameter for 
niobium carbide in 1-0°,Nb, 0-2%C steel (steel 132) 
was 4-460 ka and this suggests the formula NbC. 

Vanadium carbide is also known to exist over the 
composition range VC-V,C, and Schonberg® reports 
lattice parameters of 4-183 kz and 4-136 kx for VC and 
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13 As Fig.4, steel 84 (8-01%Cr, 0-88%V, 0-20 %Nb, 0-24%C) 








14 Electron micrograph of steel 84 tempered for 1 h at 700°C, 
Carbon extraction replica x 12000, 





15 Electron micrograph of steel 84 tempered for 4h at 700°C. 
Carbon extraction replica x 12000 


Journal of The Iron and Steel Institute January 1967 
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16 lectron micrograph of steel 84 tempered for 1000 h at 
700°C. Carbon extraction replica x 12000 


VC, respectively. Shaw and Quarrell' found a varia- 
tion between 4-137 and 4-151 kx and suggested that 
vanadium carbide approximated to V ,C;, in steels. The 
atomic radii of the metallic elements present are: 

. tee ae Cr Fe 

1-65 1-63 1-52 1-42 1-40 (kz units) 
Thus any solution of niobium in vanadium carbide 
would increase its lattice parameter, and this could 
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17 As Fig.4, steel 85 (9+11%Cr, 0-88%V, 0-20%Nb, 0-24%C) 


Journal of The Iron and Steel Institute January 1967 
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18 As Fig.4, steel 187 (8-45%Cr, 1-08%V, 1-15%Nb, 
0-21%C) 


account for the slightly higher lattice parameters 
(4:15-4-17 kx) observed in this investigation. 

The carbides NbC and V,C, were only partly 
mutually soluble in the steels and this confirms 
Krainer’s work.'* The lattice parameters of V,C, were 
almost independent of the niobium content but the 
lattice parameters of NbC varied from 4-460 in the 
absence of vanadium to 4-440 in the presence of 
1-95°%V. In chromium steels the lattice parameter of 
NbC was almost independent of the chromium content. 


Carbide constitution at 700°C 


The carbide phases observed in 0-2°,C-Cr-V steels 
containing 0:2% and 1-0°%Nb after 1000 h tempering 
are given in Fi igs.2 2 and 3 respectively; the dotted lines 
represent the carbide phase boundaries détermined by 
Shaw and Quarrell' for niobium-free steels. Details of 
the chemical compositions of the steels and carbide 
extracts are given in Table I. 
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19 As Fig.4, steel 86 (9-11%Cr, 1-07%V, 0-20%Nb, 0-24%C) 
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20 As Fig.4, steel 88 (7-32%Cr, 1:52%V, 0-21%Nb, 0-24%C) 


Investigation of the tempering process at 700°C 
The approach to equilibrium of several 0-2°%C—Cr— 
V-Nb steels was followed by chemical and X-ray 
analysis and the morphology of the carbides was 
studied by electron microscopy. When the presence of 
8 ferrite resulted in a non-uniform distribution of the 
carbides the process was not studied in detail. 
The steels investigated were selected to typify the 
following tempering processes: 
(i) no carbide transformation occurs (steels 1—4) 
(ii) the Fe,C->Cr,C, transformation (steels 61 and 
178) 
(iti) the Cr,C,—Cr,,C, transformation (steels 84, 
85, and 187) 
(iv) the Cr,C,—Cr,,C, transformation in the pres- 
ence of V ,C, (steels 86, 88, and 189). 
The hardness values for steels 1-4 shown in Figs.4—7 
indicate a smooth relationship with time, with no 
change in the carbide constitution (Cr,C,+V,C,4 
NbC), and very little in composition. The gradual 
softening of the steels was caused by spheroidization 
and growth of the carbide particles, and this was con- 
firmed by electron microscopy. 
Fe,C—>Cr,C, transformation 
This transformation was investigated in steels con- 
taining 0-2°%%,Nb (steel 61) and 1-0°%Nb (steel 179). 
Steel61 The hardness data for steel 61 and the car- 
bide metal-atom ratios on tempering are given in 
Fig.8. Electron micrographs (Figs.9-11) showed the 
gradual appearance of rods, probably Cr,C;, and this 
was accompanied by a drop in the iron metal-atom 
ratios and a simultaneous increase in chromium metal- 
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atom ratio. Further tempering resulted in the growth 
of the carbide particles. 

Steel 179 In this steel the transformation occurred at 
a much earlier stage of the tempering process and was 
completed after tempering for 1 h at 700°C (Fig.12). 
Cr,C,—>Cr,,C, transformation 

Steel 84 The transformation, which occurred after 
100 h, was accompanied by a drop in the chromium 
metal—atom ratios (Fig.13) a fact previously observed. ! 
Figures 14~—16 illustrate changes in microstructure on 
tempering. A fine needle-like precipitate was observed 
during the early stages but this disappeared on further 
tempering, leaving large grain boundary carbides. 
Steel 85 The changes in hardness and metal—atom 
ratios on tempering (Fig.17) are very similar to those 
for steel 84. However, the final size of the carbide 
particles is much greater. 

Steel 187 This steel was studied to investigate the 
effect of increased Nb content on the Cr,C,—>Cr,,C, 
transformation. The principal effect was that the 
transformation occurred after only 3 h tempering 
(Fig. 18). 

Cr,C,—>Cr,,C, in the presence of VC, 

Steel 86 The transformation occurs after 100 h 
tempering (Fig.19). An anomalous peak in the van- 
adium content of the carbide observed after 3 h is 
probably due to the loss of newly formed Cr,,C, par- 
ticles during extraction and this is supported by the 
initial decrease in carbide yield. After this anomalous 
peak the vanadium content remained reasonably 
constant. 

Steel 88 The tempering behaviour was unlike that of 
the previous steels as there was an initial decrease in 
the chromium content of the carbide extract, with a 
consequent increase in the vanadium content (Fig.20). 


TABLE II! Movement of carbide phase boundaries for changes of 1°, 0-125°,,, and 0-:025°,C 





Cr,C,/Cr,C,+Cr,C, shift in %Cr, for 


Cr,C,+Cry,C,/Cry,C, Shift in %Cr, for 


Worker ~—1-0%C —0-125%C -0-025%C 1-0%C —0-125%C —0-025%C 





Kuo® —9-0 -0-3 = 
Lifshits!® —8-0 0-3 —1-0 
Crafts" —4°5 0- —0°55 


—0-3 -1°5 
—0-3 —1-4 
—0-2 —0-85 
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20 Mills etal. Carbide constitution and tempering behaviour of Cr-V-Nb steels 


TABLE !V Calculated and observed position of carbide phase 


boundaries in steels containing niobium 






TABLE Vi Effect of niobium on the Cr,C,—>GCr,,C, transfor- 


mation in the absence of V,C, 





Positions in %Cr of 
Cr,C,/Cr,C,+Crg,C, in Cr,Cy+CrggCg/CrasCy 

— containing steels ¢ rontaining 

0-0%Nb 0-2%Nb 1-0%Nb 0-0%Nb 0-2%Nb 1-0%Nb 


Positions in %Cr of 





Worker 

Kuo® 6-8 5-9 7-6 6-4 
Lifshite’® 6-8 6-0 76 6-5 
Crafts"! 6-9 6-45 7-9 7-0 
Observed 70 6-7 6-2 79 7-5 6-8 





Transformation commenced after 100 h and was com- 
pleted between 400 and 1000 h. 

Steel 189 This steel was studied to determine the 
effect of increased niobium content on the anomalous 
tempering behaviour of steel 88. The initial decrease in 
chromium content (Fig.21) was still observed, but the 
transformation occurred after only 3 h instead of 100 h. 


DISCUSSION 
Discussion of the constitutional work 


A large proportion of the niobium in the steel is almost 
certainly present as niobium carbide even in the as- 
quenched state. This reduces the carbon available for 
combination with iron, chromium, and vanadium and 
consequently affects the constitutional diagram. Addi- 
tions of 0-2°,Nb would require only 0-025°C for total 
combination, leaving 0-175%C for combination with 
iron, chromium, and vanadium, and hence only small 
changes in the positions of the phase boundaries would 
be expected. However, in 1-0°%Nb steels, 0-125%C 
would be required for combination with niobium and 
appreciable changes in the positions of phase boundar- 
ies would be anticipated. 

The effect of carbon content on the positions of the 
Cr,C,/Cr,C,+-Cr.,C, and the Cr,C,+-Cr,,C,/Cr.,C, 
boundaries in the Fe-Cr—C system have been investi- 
gated by several workers,*~!! and the phase boundary 
shifts for the observed changes of 1-0%, 0-125%, and 
0-025°%C are given in Table LI. Shaw and Quarrell! 
found that the Cr,C,/Cr,C,+Cr,,C, and Cr,C,+- 
Cry3Ce/Cr.,C, phase boundaries in 0-2%C chromium 
steels occurred at 7-0°%, and 7-9°%Cr respectively. The 
calculated positions of these boundaries, after allow- 
ing for changes in the available carbon and the 
observed phase boundaries are given in Table IV. 

Shaw and Quarrell' found Fe,C/Fe,C+V,C, and 
Fe,C+-V,C,/V,C, boundaries at 0-29%V and 0-65 V 
respectively. As Vogel and Martin!? and Wever et al.'3 
observed for both boundaries a shift of 0-6°%V for a 
0-1%C increase, shifts of 0-15° and 0-72%V would 
be expected on the addition of 0-2°% and 1-0°%Nb. 
This should be compared with the observed shifts of 
0-3% and 0-6%V for the V,C,/V,C,+ Fe,C boundary, 
and 0-15%V in the case “of the V,C,+Fe,C/Fe,C 
boundary for 0-2°% Nb steels. Steels containing 1- 0%Nb 
do not show a carbide phase field containing only 
Fe,C. 


TABLE V_ Effect of niobium on the Fe,C—>Cr,C, transforma- 
tion 








Steel Steel composition, ° Transformation, h 

no. Cr v Nb Cc Started Completed 
61 1-55 0-05 0-19 0-23 2-5 10-30 

179 1-98 0-03 1-14 0-21 0-2 1 





0, 


Steel composition, % Transformation, h 








Steel no. Cr V Nb Cc Started Completed 
Shaw's 412 8-41 0-75 is 0-21 110 240-500 
Steel 85 9-11 0-85 0-20 0-24 100 400-1 000 
Steel 187 8-45 1-08 1:15 0-21 3 100 

A movement of the Cr,C,/Cr,C,+V,C, boundary to 


higher vanadium levels was not anticipated. However 
this boundary for Cr-V—Nb steels was almost parallel 
to that determined for niobium-free steels but occurred 
at higher vanadium contents. Smith? suggested that 
the solubility of vanadium in Cr,C, increases when the 
chromium content exceeds 5-5°%. This is caused by the 
gradual expansion of the Cr,C;. lattice to a limiting 
value above which there are sites large enough to 
accommodate the vanadium atoms. The Cr:C ratio 
of a 5-5% Cr 0-2%C steel is 27 and as niobium reduces 
the effective carbon content of the steel to about 
0-1%, this critical Cr:C ratio should be reached at 
2-7% Cr and hence the solubility of vanadium should, 
oak does, increase sharply at this point. 


Discussion of the tempering processes studied 

The Fe,C->Cr,C, transformation 

Mechanism There is much confusion as to the 
mechanism by which this transformation takes place. 
The microstructures obtained in the early stages of 
tempering (Figs.9-11) show that the appearance of 
rod-like particles is associated with the first evidence 
of Cr,C, in the X-ray photographs of extracted car- 
bides. Thus it seems possible that the fine particles in 
Fig.9 (presumably Fe,C) transform directly to Cr,C, 
rodlets (Fig.10) which grow with continued tempering. 
This is supported by the gradual increase in chromium 
content of the carbide extract at the expense of the 
iron content, which Kuo® suggested was due to the 
gradual replacement of iron atoms in the Fe,C lattice 
by chromium atoms until an im situ transformation 
occurs when the limiting concentration of chromium 
atoms has been exceeded. 

However, from the evidence presented here it would 
be equally possible for the Cr,C, rodlets to be separ- 
ately nucleated after the resolution of the fine par- 
ticles, the rodlets of Cr,C, in the early stages being too 
small to give an X-ray diffraction pattern. Thus the 
results presented do not resolve the uncertainty as to 
the mechanism by which the Fe,C—>Cr,C, transforma- 
tion occurs. 

The effect of niobium on the Fe,C-—>Cr,C, transformation 
The effect of niobium on this transformation can only 
be deduced from the effects observed by increasing the 
niobium content of the steel, as a niobium-free steel 


TABLE Vil Effect of niobium on the Cr,C,—>Cr.,C, transfor- 


mation in the absence of V,C. 





Steel composition, % 
Series Steel no. Ce V Nb C 


Transformation, h 
Started Completed 












] Shaw’s 4347 7°95 1-15 0-19 110 110-240 


Smith’s 434 A.2 7-86 1-14 . 0-23 100 300-600 
Steel 86 O-11 1-07 0-20 0-24 100 400-1 000 

2 Steel 434 A2? 7°66 1°27 0-20 150 300-600 
Steel 88 7-32 1-50 0: 21 0-24 100 400-1000 
Steel 189 80 1-46 


0-93 0-20 10 100 
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was not investigated. However, increased niobium 
content appears to accelerate the transformation as 
can be seen from Table V. However, this might be due 
to the higher chromium content of steel 179. When the 
concentration of chromium atoms in the Fe,C lattice 
exceeds a certain limiting value, the Fe,C phase 
becomes unstable and the transformation to Cr,C, 
oceurs. Niobium, by combining with the carbon, 
reduces the amount of Fe,C present; thus the chrom- 
ium in the matrix has fewer Fe,C molecules to which 
it can diffuse, and thus one would expect a more rapid 
concentration of chromium atoms in the Fe,C lattice, 
leading to an earlier transformation. 


The Cr,C,;—>Cr.,C, transformation 

Mechanism There is general agreement that at 
temperatures near to 700°C this transformation occurs 
in situ, and the results of the present investigation sup- 
port this mechanism as there is no evidence for the re- 
solution of the large Cr,C, particles before transfor- 
mation. 

The decrease in chromium content of the carbide 
during transformation observed by Shaw and Quarrel] 
also occurred in the present investigation. This is a 
result of each six carbon atoms being associated with 
23 metal atoms in Cr,,C, compared with 14 metal 
atoms in Cr,C;. Therefore metal atoms from the matrix 
are absorbed to form the Cr,,C, lattice and the propor- 
tion of chromium in the carbide extract falls. 

The effect of niobium on the Cr,C,—>Cr,,C, transforma- 
tion Niobium appears to accelerate the Cr,C,—> 
Cr,,C, transformation both in the presence and 
absence of V,C, (Tables VI and VII). Shaw and 
Quarrell! suggested that at least 80°, of the metal 
atoms in Cr,C, had to be chromium or chromium-+- 
vanadium before the transformation to Cr,,;C, occur- 
red, and that this provided the minimum concentra- 


tion of chromium atoms necessary to stabilize the 
Cr,,C, structure. When niobium is present it reduces 
the ‘available carbon’ and thereby reduces the amount 
of Cr,C, formed, hence more chromium is left in the 
matrix and this results in a more rapid concentration 
of chromium atoms in the Cr,C,, the critical chromium 
content (80%) is reached at an earlier stage, and 
transformation is accelerated. 
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An electron microscopical investigation of the 
tempering of 18—4—1 high-speed steel 


C.H. White and R. W. K. Honeycombe 


INTRODUCTION 

IN THE as-quenched condition, high-speed steel con- 
taining 18% W, 4°%Cr, and 1%V comprises a matrix 
of martensite and about 15-20% retained austenite 
with a dispersion of 7 carbide which will be referred to 
as M,C. This carbide has a variable composition where 
M is primarily iron and tungsten, but chromium and 
vanadium are also taken into solid solution. The as- 
quenched steel is hard, highly stressed, brittle, and 
dimensionally unstable, but on tempering, strength, 
toughness, and stability are promoted without appre- 
ciable loss in hardness. 





Manuscript received 2 March 1960. ‘ 
The authors are in the Department of Metallurgy, The Uni- 
versity of Sheffield. 


SYNOPSIS 
An electron microscopical examination has been made 
of the structures which occur during the tempering of 
18-4-1 high-speed steel. The secondary hardening 
phenomenon is shown to arise from the precipitation of 
an alloy carbide (M,,C, type) in the martensitic needles. 
A similar precipitation observed in the retained austenite 
does not appear to contribute to the hardening process. 
1820 





The tempering of high-speed steel has attracted 
much attention in the past.’~* Cohen and Koh® 
carried out a detailed investigation as a result of 
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1 18-4-1 high-speed steel annealed, carbon extraction replica 
< 12000 


which they proposed that the course of transformation 


during tempering took place in four overlapping 
stages: 


(i) precipitation of cementite from the martensite 
forming a highly alloyed ferritic matrix 

(ii) precipitation from the residual austenite of 
complex carbides 

(iii) transformation of the residual austenite 

(iv) resolution of cementite in the ferritic matrix 
followed by precipitation of complex alloy 
carbides. 


They have suggested that stage (i) accounts for the 
initial softening, while the secondary hardening was 
adjudged to result from stages (ii) and (iii). Stage (iv) 
was assumed to occur only at high temperatures, and 
to account for the rapid drop in hardness. Another 
viewpoint, however, has been that the secondary 
hardening phenomenon may be due to the precipita- 
tion of alloy carbides in the ferritic matrix. 

Cohen and Koh’s assumption that the first stage 
involves precipitation of cementite is based on thermo- 
magnetic measurements. Kuo*® has been unable to 
detect Fe,C in X-ray photographs of extracts from 
specimens tempered at low temperatures, but has 
suggested that this could be due to the overshadowing 
effect of M,C. On X-ray examination of extracts from 
specimens tempered at 600-800°C, Kuo found M,C 
between 600° and 650°C, M,C and W,C between 675° 
and 725°C, and at 800°C only M,C again. On the other 
hand, as a result of X-ray examination, Goldschmidt’ 
gave the following sequence on tempering, M,C— 
transitional carbide r->M,,C,, the transitional carbide 
being a previously unknown phase. 
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2 18-4—1 high-speed steel as-quenched, carbon extraction replica 
x 17000 


The main disadvantage of the X-ray analysis of 
extracts from high-speed steel is that a major propor- 
tion will be massive M,C carbide undissolved in the 
prior heat treatment, whereas the secondary carbides 
will be a much finer dispersion which may not al- 
ways give clear diffraction lines. In the present work, 
the carbon extraction replica technique was used in 
conjunction with electron microscopical and electron 
diffraction examination. As the primary M,C carbide 
was not usually extracted in the replica, the secondary 
carbides could be examined more closely without 
interference. 


EXPERIMENTAL DETAILS 
Material 
The steel used in the investigation was provided by 
Edgar Allen and Co. Ltd and consisted of three 4-in 
square bars from the same case having the following 
typical analysis °%,: 

Cc Si 8 Mn W Cr V Mo Ni 

0-66 0-10 0-035 0-31 18-62 4-57 1-46 0-46 0-17 
It was received in the as-rolled and annealed condition. 


Heat treatment 

Specimens }-in long were preheated at 860°C for 1 h 
before austenitizing 2 min at 1280°C in a neutral salt 
bath followed by oil quenching. The subsequent 
tempering treatments in the range 200-800°C were 
carried out in salt baths followed by air cooling. 


Electron microscopy 


The specimens were ground to remove any decarburiz- 
ation, then mechanically polished. This was followed 
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by electropolishing in an electrolyte containing 50 ml 
perchloric acid (sg 1-54) and 950 ml glacial acetic acid 
using a stainless-steel cathode. An applied voltage of 
64 V and a current density of 1 A/em? were required, 
while the time of polishing was 10-20 s. The surface 
was then lightly etched in Vilella’s reagent. 

A thin (100-200 A) film of carbon was evaporated 
on the surface in vacuo and subsequently loosened by 
etching for about 14 min in a 5% Nital solution con- 
taining a few drops of hydrofluoric acid. The speci- 
mens were then rinsed in alcohol and finally the films 
were floated off in distilled water. Often difficulty was 
experienced in removing replicas from samples; in 
these cases, after the above treatment had failed, the 
specimens were given a brief electropolish in 10% 
Nital solution. Current densities of 1-1-5 A/cm? were 
used with applied voltages of 100 V. A judicious com- 
bination of electropolishing and etching before carbon 
deposition was the main essential for satisfactory 
replica preparation. 

The replicas were examined in an EM3 electron 
microscope (resolution 50 A) while an EM3A (resolu- 
tion 30 A) instrument was used for a few critical 
replicas. 


Electron diffraction 

It was possible to obtain transmission electron diffrac- 
tion patterns from smali areas several microns in 
diameter, selected by use of an aperture. Standardiza- 
tion was essential, and this was done by photographing 
a pattern from an evaporated thallium chloride film 
before and after other diffraction photographs had 
been taken. The d values calculated for the patterns 
were then corrected using the accurately known d 
values of thallium chloride. 


X-ray diffraction 

Electrolytic extracts were prepared using a citrate 
cell, and after centrifuging and washing were examined 
in a 9-em powder camera using unfiltered chromium 
radiation. Photographs were compared with standard 
patterns obtained from known carbide extracts. 


EXPERIMENTAL RESULTS 
Annealed and as-quenched specimens 
General microscopical examination revealed little evi- 
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dence of carbide stringers and the material appeared to 
be quite uniform in structure. The small specimens 
used were thus considered to be representative of the 
bulk material: X-ray patterns of electrolytic extracts 
from the annealed steel showed M,C lines and weak 
M,,C, lines, while only M,C lines were found in 
extracts from the as-quenched specimens. 

Electron microscopical examination of the annealed 
steel revealed the M,C as a relatively coarse distribu- 
tion of spheroidal particles, 75°, of which were 
between | and 2 yu dia. with a few much larger par- 
ticles. These M,C carbides were not usually extracted 
in the replicas but their outline remained (Fig.1). The 
finer dispersion shown in Fig.1 is the M,,C, carbide 
with an average size of 2000-3000 A. This latter pre- 
cipitate was absent in the as-quenched steel (Fig.2) 
which revealed primarily the distribution of M,C; 
however, on prolonged etching a fine precipitate was 
extracted from the grain boundaries (Fig.2) which 
gave electron diffraction patterns corresponding to 
that of vanadium carbide. This carbide was also 
detected in replicas taken from fracture surfaces. 


Hardness changes in the range 100-700°C 

Specimens were tempered in the range 100—-700°C for 
5 h; the hardness results measured at room tempera- 
ture are shown in Fig.3. The as-quenched hardness of 
900 DPN dropped to a minimum of just below 800 
DPN on tempering at 400°C, then rose sharply to a 
secondary peak approaching 900 DPN at 500°C. 
Increasing the temperature further caused a rapid 
drop in hardness. The dotted curve represents results 
obtained by a double tempering treatment of two 
2}-h periods between which the specimens were air- 
cooled to room temperature; this curve is practically 
indistinguishable from the normal curve. 

The isothermal hardness data (Fig.4) confirm that 
the optimum hardness is developed after 5 h at 500°C, 
and that the hardness is maintained at this tempera- 
ture. However, after treatment at 550°C, the hardness 
rapidly falls from a peak of about 870 DPN to 700 
DPN after 50 h. Tempering at 450°C on the other hand, 
does not produce full hardening even after 100 h. 
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5 18-4-1 high-speed steel tempered 5 h at 300°C, carbon extrac- % 18-4-1 high speed steel tempered 5 h at 400°C, carbon 
tion replica < 12000 extraction replica « 12000 


Electron microscopical and electron diffraction results in the range 300-400°C the martensite was much more 
The martensitic structure of the as-quenched steel readily etched (Fig.5). Electron diffraction examina- 
was not easily revealed (Fig.2); however, on tempering — tion of replicas from specimens tempered at 300°C did 


6(a) 18—4—1 high-speed steel tempered 5 h at 400°C, carbon 
extraction replica 12000 


(b) 18—4—1 high-speed steel electron diffraction pattern obtained 
from precipitate shown in Fig.6a 
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9 18-4-1 high-speed steel electron diffraction pattern obtained 
from specimens tempered for 5 h at 550°C 


should be emphasized that although the crystal struc- 
tures are the same, the chemical composition of the 
carbides in the 18-4—1 steel are very different. This 
would undoubtedly influence the d values. 














bon 8 yine sit steel tempered 5 h at 550°C, —— The M,C, precipitate in the retained austenite was 
2 000 " “12 ; ‘ 
4 ee first detected at 300°C. The particles coarsened rapidly 
I pial) 
ee ' TARLE | Measurements of ¢ values from 18-4-1 replicas, A 
— not yield a pattern from which identification could be ; 
oe made. It was thus not possible to decide whether Fe,C 1 2 3 4 5 6 
‘did was precipitated at this early stage Spoetee 
it I ; met y' ag F - ‘ Tempered Tempered Tempered Tempered 
On tempering at 300-400°C a Widmanstitten AS. 4h at ss e Sh ot 
by ia, : ie 00°C 450°C ) 700°C 
: plate-like pre cipitate was observed hog : areas ; not CrgsC, Precipitate Precipitate Precipitate Precipitate M,C 
exhibiting a martensitic structure (Fig.6a). This is ASTM in segre- in ngs * in ASTM 
considered to be carbide precipitation within small ‘4ex _ gatedareasaustenite ferrite ferrite —_ index 
areas of retained austenite. Figure 6b is an electron 3.2; 3-31 
diffraction pattern from such a region corresponding ae was os ie : oe 
to the M,,C, type carbide (col.3, Table I). The precipi- 9.44 2-52 2-51 2-52 2-53 
tate was fairly coarse and the diffraction rings spotty. 2-45 : 
: : : “ 2-38 2-38 2-38 2-38 2-38 2-25 
Occasionally much larger areas occupying several 3°), 2-18 rir 2-18 *.10 ate 
grains were detected; these were presumably due to 2-05 2-06 
segregation of alloying elements. Figure 7 shows the {'85 sie tie oe 
precipitation observed in such austenitic regions after j 1-78 
tempering 5 h at 400°C. The electron diffraction pat- = 1°77 4 : 1-74 
: > . a 1-68 1-67 1-67 1-66 
terns from this precipitate are slightly different from 9 
that in Fig.6b and could possibly be a mixed pattern 1-60 1-60 
‘ 1"; , 1-49 1-53 1-54 1-55 1-55 1-54 
of M,,C, and VC. 1-48 1-43 
In the range 450-500°C, the martensitic needles, $.~ ' 1-39 1-38 1-38 
previously well defined, became diffuse, but at this an ¥ is A-3e 1-33 1-38 
stage there was no clear evidence of a new precipitate 1-29 1-28 1-28 1-28 1-30 
° ° 0 . 2 5 . 
in the electron micrographs (Fig.8). After tempering po 2 2 
at 550-600°C martensitic regions yielded electron  }j.22 1-21 
diffraction patterns which corresponded to M,,C,. The He “i 
. - ‘ ° 
pattern closely resembled those obtained from the  |.9g¢ 1-08 1-08 Ld 1-09 tl 
b precipitate formed in the retained austenite at 400°C 4: ie 1.06 eS 4 
except that the rings were continuous indicating a 4.9, ’ : ae 
much finer particle size (Fig.9). Table I shows typicald 0-96 0-96 1-03 
" . y -O5 95 “ 
‘ain values determined from selected area electron diffrac- 0"? 0-06 0-06 oo 
2000 tion photographs which have been standardized 9-9) 
ained against thallium chloride. The d values as givenin the 9° 0-89 0-89 





ASTM index for Cro.Cg and MC are also shown, but it * This and subsequent values from Goldschmidt." 
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10 184-1 high-speed steel tempered 5 h at 600°C, carbon 


extraction replica < 50000 


in the early stages but over the range 400—550°C 
remained of relatively constant size, about 500 A thick 
and about 1500-3000 A long. As the secondary 
hardening peak only became marked at 500°C, it 
seems clear that it is not closely related to changes in 
the retained austenite. 

While the etching characteristics of the martensite 
continued to change in the range 450—500°C it was not 
until 600°C (Fig.10) that fine precipitate particles 
from the martensite matrix were resolved in the 
replicas. The coarse particles are probably those 
originating from the austenitic regions. The precipi- 
tate in the martensite became much clearer at 650°C 
(Fig.11). Thus the precipitate coarsens very slowly, 
which contrasts markedly with the behaviour of the 
M,,C, formed in the austenitic regions. At 700°C the 
residual acicular structure finally disappeared leaving 
a ferritic matrix containing a much coarser secondary 
carbide dispersion (Fig.12). The primary M,C carbides 
remained as impressions in the replica. Electron diff- 
raction examination of replicas from specimens 
tempered at 650-700°C gave patterns corresponding to 
M,,©,. At 700°C the pattern was very spotty indicat- 
ing a substantial coarsening of the precipitate: Fig.13 
is a typical pattern from the replica of Fig.12. 


X-ray examination of electrolytic extracts 


Extracts were prepared from the annealed and as- 
quenched specimens as well as from those tempered 5 h 
at 400°, 500°, 600°, and 700°C. In all cases, lines 
corresponding to M,C were obtained and only in the 
annealed sample were very weak M,,C, lines observed. 
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11. 18-4-1 high-speed steel tempered 5 h at 650°C, carbon 


extraction replica x 12000 


It is clear that the X-ray diffraction and electron 
diffraction results are both selective. The X-ray 
method detects the massive primary M,C which is too 
coarse to give transmission electron diffraction pat- 
terns even when sufficient of the coarse particles is 
extracted in the replicas. On the other hand, the 
M,C, particles formed in the martensite are extremely 
fine in the range 500-600°C; the fact that they were 
not resolved in the electron micrographs suggests that 
they were less than 100 A dia. However, they yielded 
electron diffraction patterns with continuous rings 
except at 700°C when the patterns had become 
spotty. 

The carbide extracts have recently been re-exam- 
ined using a low-angle focusing camera'*® and Co- 
radiation rendered monochromatic by a bent quartz 
crystal. 

In the as-quenched condition only M,C lines were 
observed. In the annealed condition M,,C, was clearly 
indicated whereas with the 9-cm camera the lines were 
very weak. Tempering for 5 h at 600°C again showed 
only M,C but at 700°C, M,,C, lines although weak, 
were definitely indicated. In none of the extracts could 
W.C or VC be detected. 


Decomposition of retained austenite 


In order further to determine the role of austenite 
during the tempering process, specimens were 
austenitized at 1280°C, then quenched into a bath of 
Wood’s Metal at 160°C and held for 2-3 min. The 
specimens were then immediately transferred to a salt 
bath at 500°C and held for periods from 1 to 30 h. At 
160°C, from the published isothermal diagram, only 
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12 18-4-1 high-speed steel tempered 5 h at 700°C, carbon 
extraction replica x 12000 


40%, of the austenite would be expected to trans- 
form to martensite, so there should be a much higher 
concentration of retained austenite. The change in 
hardness on subsequent tempering at 500°C is shown 
in Fig.4 from which it can be seen that the maximum 
hardness of 800 DPN is reached after 5 h. 

Electron microscopic examination revealed large 
areas of retained austenite in which extensive precipi- 
tation had already taken place after 1 h (Fig.14) at 
this temperature, although at this stage no substan- 
tial secondary hardening had occurred. 


In the literature much importance has been attached 
to the presence of 15-20% retained austenite in the 
as-quenched 18-4-1 high-speed steel. The present 
work has shown that during tempering this austenite 
precipitates carbide of the M,,C, type as a Widman- 
statten array at temperatures as low as 300°C. It is 
likely that the austenite in the as-quenched steel is 
deformed as a result of the stresses associated with the 
quench and with the formation of martensite, and 
moreover that it has a high concentration of entrapped 
vacancies. The latter would accelerate diffusion of 
metal atoms necessary for the nucleation of the car- 
bide, while the high dislocation population of the 
austenite regions would provide sites of easy nuclea- 
tion where the precipitate could form. 
Notwithstanding the clear evidence for precipitation 
within the retained austenite, this precipitation was 
fully developed long before the onset of secondary 
hardening. For example, after 5 h at 400°C the M,C, 
precipitate plates in the austenite were already 1500- 
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13 18-4-1 high-speed steel. Electron diffraction pattern 
obtained from precipitate shown in Fig.12 


3000 A long and approximately 500 A thick, although 
no secondary hardening had taken place. Likewise, at 
450°C precipitation in the austenite was complete after 
I h, while little secondary hardening occurred up to 
50 h. The precipitate in the austenite regions showed 





14 18-4-1 high-speed steel. Quenched from austenitizing tem- 
perature to 160°C, held for 2-3 min and then tempered for 
1 h at 500°C. Carbon extraction replica < 12000 
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no apparent growth over the secondary hardening 
range whereas the etching characteristics of the mar- 


tensite changed markedly. It was not possible to 
resolve any precipitate in the martensite at this stage; 
however, selected area electron diffraction patterns 
were obtained which showed that M,,C, type carbide 
was present after 5 h at 550°C, just beyond the second- 
ary hardening peak. Microscopic examination of 
specimens tempered at 600°C revealed the precipitate 
which had by this time coarsened considerably. 

Further support for the viewpoint that the austen- 
ite is not the cause of secondary hardening comes from 
the experiments with a higher concentration of 
retained austenite. Here the precipitation of M,,C, in 
the austenite was confirmed and again it was shown 
that this was complete before substantial hardening 
took place. 

The fact that double tempering treatments yielded 
almost the same hardness results as the single treat- 
ment suggests again that transformation of the 
retained austenite, this time to martensite on cooling, 
has little effect on the secondary hardening phenom- 
enon. 

The results of the present investigation indicate that 
184-1 high-speed steel undergoes secondary harden- 
ing in a similar way to that postulated for low-alloy 
martensitic steels by Seal and Honeycombe,* and 
Smith and Nutting,® who have suggested that a coher- 
ent precipitation of alloy carbides (e.g. VC, Mo,C) is 
responsible. At optimum secondary hardness in low- 
alloy steels the plate-like precipitates are about 25 A 
thick and 100-200 A in length so they can only be 
resolved with microscopes of extremely high resolution 
(10-20 A). For this reason, the exact morphology of 
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two symposia held in London in May 1960. 


The latest volumes to be published in the Institute’s Special Report Series are the proceedings of 









the M,,C, at an early stage of growth in 18-4—1 steel 
could not be decided in the present work. 

The suggestion of Kuo‘ that the secondary harden- 
ing is due to precipitation of W,C is not confirmed as 
the present authors were unable to detect this hex- 
agonal carbide at any stage of heat treatment. More- 
over, the suggestion of Goldschmidt'® that M,,C, 
precipitates within the M,C carbide is not borne out by 
the present results. The diffraction patterns of the two 
carbides are so similar, that a selective extraction 
method of the type referred to in this paper seems very 
desirable for further investigations. 
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Special Report 67 ‘Production of wide steel strip’ reports the symposium on wide strip which 
formed part of the Institute’s Annual General Meeting in 1960. The papers, from Italy, the 
Netherlands, the UK, and the USA, are divided into five groups, dealing with future requirements 
of user industries, steelmaking for wide strip, hot rolling, cold rolling and heat-treatment, and 
coatings respectively. They are printed in full, together with a report of the lively discussions at 
the meeting. There is a foreword from the President, Mr W. F. Cartwright, p.L., J.P. 

This report is a quarto volume of 196 pages, printed on imitation art paper and illustrated with 
98 line diagrams and 57 photographs. Copies may be obtained, price £3 5s 0d each (postage 1a) 


from the Secretary. 


Special Report 68 “The determination of gases in metals’ is a report of the symposium organized 
last May by the Society for Analytical Chemistry in conjunction with The Iron and Steel Institute 
and The Institute of Metals. This highly successful joint meeting was based on a series of papers 
dealing with the latest developments in the methods of gas determination in both ferrous and non- 
ferrous metals, including vacuum fusion, carrier-gas methods, activation analysis, emission 
spectrometry, isotope dilution, and internal friction methods. There are also excellent review 
papers on the three main gases, oxygen, hydrogen, and nitrogen. As with the wide strip proceed- 


ings, there is a full report of the discussions at the meeting. 


Octavo format has been used for this volume, which comprises 316 pages and 8 plates; it is 
amply illustrated with line diagrams, and provided with an attractive dust jacket. Copies may be 


obtained, price £3 3s Od each (postage 1s) from the Secretary. 
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Microstructural causes of heat-affected zone 


cracking in heavy section 18-12-Nb austenitic 
stainless steel welded joints 


N. E. Moore, B.Sc. and J. A. Griffiths 


INTRODUCTION 


THE TREND TOWARDS steam temperatures over 1050°F 
(565°C) in steam generating plant and in steam tur- 
bines has necessitated the use of a steel readily weld- 
able and possessing good high temperature oxidation 
and creep resistance. An obvious choice was the 
18-12—Nb (Type 347) austenitic stainless steel; but un- 
fortunately since its initial application to parts of 
heavy section for steam power plant some 12 years 
ago, it has been found susceptible to ‘heat-affected 
zone’ cracking, cracks being found after welding, after 
stress relieving, or after a short period of high-tem- 
perature service. !~® 

Characteristically, these cracks appear to start at, 
or very close to, the outside surface of a welded steam- 
pipe or similar component, at the fusion boundary or 
in the adjacent parent metal, and they propagate in- 
wards more or less parallel to the weld in an inter- 
crystalline manner. 

A great deal of investigational work has been done 
on the high-temperature tensile properties, ductility 
characteristics and creep rupturestrength in an endeav- 
our to understand the mechanism of failure. Reference 
is made below to some papers describing work of con- 
siderable interest, but in general they have not pro- 
vided convincing and complete answers to the ques- 
tions arising. 

A recent investigation by Truman and Kirkby*® of 
the Brown Firth Research Laboratory in which they 
take account not only of the high temperature attained 
in the heat-affected zone close to the weld, but also of 
the contraction strains occurring on subsequent cool- 
ing, has given results which appear to be highly sig- 
nificant. These show that when both these factors are 
taken into account the hot ductility of the parent 
metal close to the weld can be so reduced as to suggest 
that the mechanism involved is also responsible for 
weld cracking. 

The work reported in the present paper is comple- 
mentary to that of Truman and Kirkby. A study has 





Paper MG/J/75/60 of the High-temperature Steels Committee 
and Joint BISRA-ERA Steelmakers’ Panel of the Metallurgy 
(General) Division of the British Iron and Steel Research 
Association, first received on 20 August 1960 and in its final 
form on 24 October 1960. The views expressed are the authors’, 
and are not necessarily endorsed by the Committee as a body. 
The authors are at Associated Electrical Industries (Man- 
chester) Ltd, Manchester. 


SYNOPSIS 


The widespread difficulties encountered both in the UK 
and elsewhere in the fabrication of 18-12—Nb stainless 
steel, and the failures in service of steampipes and similar 
welded components have led to numerous investigations. 
A recent investigation by Truman and Kirkby has indi- 
cated that the cracking could be associated with abnorm- 
ally low hot ductility values resulting from certain 
temperature and strain conditions, such as may be im- 
posed on the heat-affected zone of the parent metal close to 
the weld, i.e. where cracking has been experienced, 

The investigation reported here is complementary to 
that of Truman and Kirkby. An electron microscope 
study of their test specimens has been made and the 
marked changes in hot ductility reported by them are 
explained in terms of temperature and strain-induced 
microstructural changes. 

The microstructural changes causing embrittlement 
with the 18-12-Nb steel were not observed on comparative 
tests with a steel of the 17-11—Mo type. 1897 





been made, using the electron microscope, of the 
structures developed in their test specimens; and the 
microstructural effects accompanying the marked 
changes in hot ductility which they demonstrated 
have been determined. 

Truman and Kirkby simulated the high tempera- 
ture reached in the heat-affected zone by a solution 
treatment from 1350°C followed by hot tensile tests at 
different temperatures to simulate the hot straining 
experienced locally by the metal on cooling after 
welding. The curves shown in Fig.1] are selected as 
representative of the results obtained. Note the marked 
reduction in ductility shown by the hot tensile tests at 
850°C and 1100°C following a high temperature treat- 
ment, such as would apply to the heat-affected zone. 
This drop became progressively more marked as the 
solution treatment temperature increased. It was also 
found (see curve B) that while the 850°C minimum in 
the ductility curve could be almost eliminated by 
ageing without strain at 850°C before carrying out the 
hot tensile test, the low ductility trough at 1100°C 
persisted, 

Evidence concerning microstructural changes con- 
sistent with Truman and Kirkby’s experimental 
results has been obtained and is presented below. The 
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1 Hot ductility of 18—12—Nb austenitic stainless steel. Curve A, 
ST 1050°C—1 h AC, ST 1350°C-—-3 min AC followed by 
tensile testing. Curve B solution treated as above and aged for 
3h at 850°C before tensile testing 


microstructural work is mainly concerned with the 
tests on 18-12-Nb steel referred to above, but some 
test pieces of 17-11-—Mo type steel, which were found by 
Truman and Kirkby not to exhibit the same loss of 
ductility, have also been examined. 


PREVIOUS WORK 


From work carried out on this steel in the United 
States!,?, 10,13, 14,17, 21 it has been generally concluded 
that the formation at high temperatures of a liquid 
phase at the grain boundaries caused loss of ductility 
in the heat-affected zone near the bulk solidus tem- 
perature. This was thought to give rise to a hot short 
type of intergranular failure but visible signs of liqua- 
tion have only been reported at temperatures down to 
1370°C™* and Truman and Kirkby found no such 
evidence at 1350°C. While, therefore, grain boundary 
liquation may be the cause of some hot tearing it does 
not explain the loss of ductility found by Truman and 
it is unacceptable as a complete explanation of the 
cracking experienced in the heat-affected zone of 
18-12-Nb welded joints. It could not in any case 
account for cracking on stress relieving or in service. 
Other workers have advanced the theory of a stress- 
rupture type failure, occurring in the presence of 
residual stresses set up during welding heavy section 
pipes under conditions of severe restraint.'»'* '* 
Puzak,’ while thinking that cracking was due to hot 
shortness developed near the solidus by the formation 
of a fusible grain boundary film, concluded that crack 
propagation occurred at temperatures in the region of 
850°C where he found Type 347 material suffered a 
drop in ductility. Hueschkel'® working on all weld- 
metal test pieces also detected a ductility trough in the 
region of 850°C. Following high- -temperature solution 
treatments and ageing from 600°C to 1 200°C, Guessier 
and Castro'® observed brittle tendencies in niobium 
stabilized steels during impact testing at —180°C. The 
trough observed after ageing at 600-700°C was attri- 
buted to chromium carbides formed at the grain 
boundaries while that found after ageing at 900- 
1000°C was thought to be due to niobium carbide 
precipitation. Reduced ductility during hot tensile 
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TABLE | Hot tensile testing conditions for 18-12-Nb steel 











Tensile 

testing Elongation, 
Specimen Heat treatment temp., °C % 
A ST 1350°C, 3 min, AC 650 26°5 
B ST 1350°C, 3 min, AC 700 17-5 
Cc ST 1350°C, 3 min, AC 750 11-0 
dD ST 1350°C, 3 min, AC 800 9-0 
E ST 1350°C, 3 min, AC 850 Deformed 1 
F ST 1350°C, 3 min, AC 850 6-0 
G ST 1350°C, 3 min, AC 900 8-5 
H ST 1350°C, 3 min, AC 950 10-5 
I ST 1350°C, 3 min, AC 1000 8-0 
J ST 1350°C, 3 min, AC 1050 70 
K ST 1350°C, 3 min, AC 1100 3°5 
L +3 bt C. 3 min, AC 1200 9-5 
M AC+3h at 850°C AC 700 27-0 
N — o AC+3h at 850°C AC 800 23-0 
oO 1350°C, AC+3h at 850°C AC 850 22-5 
P 1350°C, AC+3h at 850°C AC = 900 30-0 
Q 1350°C, AC+3 h at 850°C AC 950 20-0 
R 1350°C, AC+%$h at 850°C AC ... 
8S 1350°C, AC+ 1 h at 850°C AC 
T 1350°C, AC+-3 h at 850°C AC 
ST = Solution treatment AC = Air cooled 


All specimens were originally solution treated at 1050°C for one h 
and air cooled. 


testing at 1000-1050°C was attributed to niobium 
carbides formed during the deformation process. 


EXPERIMENTAL 
Material 


The steels used in Truman and Kirkby’s experiments 
had the following cast analyses: 


Type %C %Si %Mn %Cr %Ni %Nb %Mo 
18-12-Nb 0-09 0-73 137 17-28 11-73 09 .. 
17-11-Mo 0-05 0°36 1-53 16-82 10-38 ... 2-2 


The specimens examined in the investigation reported 
here were provided by Messrs Truman and Kirkby and 
were mainly those of the 18-12—Nb type giving the 
ductility results shown in Fig.1, which reproduces two 
of their curves. For comparative purposes test pieces 
of the 17—11—Mo type steel were also examined after 
tensile testing at 850°C. 

To simulate the effect of the high temperatures 
attained in the heat-affected zone of weldments, 
specimens of }-in dia. bar were solution treated for 
1 h at 1050°C with air cooling, followed by a further 
solution treatment for 3 min at 1350°C. Tensile tests 
were then carried out at the temperatures indicated 
in Table I employing specimens machined to 0-1795 in. 
dia. These were heated to the testing temperature in 
15-20 min and broken in 4-8 min. 


Metallographic examination 


The specimens were polished mechanically and etched 
electrolytically in saturated aqueous oxalic acid for 
direct examination with the optical microscope. The 
electron microscope was used to study formvar—carbon 
and carbon extraction replicas. Saturated aqueous 
oxalic acid was used as an extraction etch, but in some 
cases a two-stage extraction etching process was 
employed using in turn glyceregia and oxalic acid, to 
facilitate the extraction of large grain boundary 
carbides. 


RESULTS 
Structures shown by the optical microscope 


Effect of solution treatment The effect of a 3 min solu- 
tion treatment at 1350°C on a specimen previously 








»h 


its 


id 
he 
vO 


er 


ts, 
or 
er 
sts 


in. 


for 
he 
on 
us 


lu- 
sly 








solution treated at 1050°C, was to increase the ASTM 
grain size index from 6 to | and partially dissolve some 
of the large niobium carbide particles (Figs.2a and 6). 
There also appeared to be a greater number of the 
small grain boundary carbides present after the high- 
temperature solution treatment. 

Effect of straining after solution treatment The speci- 
mens solution treated at 1350°C and then broken in 
tension at 650°, 700°, and 750°C showed increasing 
grain boundary precipitation as compared with the 
solution treated specimens, but the matrix still 
appeared featureless except for a random distribution 
of ‘dot’ type niobium carbide particles. 
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As the testing temperature was raised from 800°C to 
950°C the pattern of grain boundary carbides changed 
from an almost continuous chain of precipitates to one 
of separate resolvable particles. In the matrix, at a 
testing temperature of 800°C very faint diffuse rows 
appeared. Figure 2c shows a specimen strained 1°%, at 
850°C and indicates the faint matrix rows and the 
type of shallow intergranular crack formed even after 
very small amounts of deformation. These rows 
became more discernible at higher testing tempera- 
tures. At testing temperatures above 1000°C, con- 
siderably fewer grain boundary carbides were seen, 
although they were still present at 1 200°C as widely 





a Solution treated 1050°C—1 h AC x 600 


“~ . 





b Solution treated 1050°C—1 h AC, and for 3 min at 1350°C, 
AC x 600 


¢ Intergranular crack developed after 1% deformation during 
tensile test at 850°C, after solution treatment at 1 350°C 
x 600 
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d Tensile tested at 1100°C after solution treatment at 1350°C 
x 600 


2 Optical micrographs of 18—12-Nb austenitic stainless steel showing the effect of solution treatment and hot tensile testing 
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3 Grain boundary chromium carbide in specimen solution 
treated at 1050°C 60000 


spaced ‘dot’ type carbides. The matrix precipitates 
became more easily discernible as the testing tempera- 
ture increased, until at 1 100°C the rows were readily 
visible (see Fig.2d). At 1 200°C, however, a more random 
type of matrix precipitation occurred and the volume 
of carbides present was somewhat less than at 1 100°C. 
The specimens tested at 1000°, 1050°, and 1100°C 
showed signs of a denuded zone near the grain 
boundaries, as delineated by lack of row-type precipi- 
tation. This effect was especially noticeable near large 
grain boundary carbides, At 1 200°C there was no evi- 
dence of such denudation, very little row type precipi- 
tation being visible anywhere. 
Effect of tensile testing after solution treatments and 
ageing at 850°C The specimens aged at 850°C for 3 h 
before tensile testing exhibited basically similar 
structures to the unaged tensile specimens, except that 
those tested at 700°, 750°, and 800°C showed some vein- 
ing or sub-graining in the matrix. Also the amount of 
grain boundary carbides found at 850° and 900°C was 
less than that seen in the unaged specimens tested at 
these temperatures. 


Conclusions drawn from the optical microscope survey 


(i) Acoarse grain boundary carbide developed dur- 
ing tensile testing at temperatures between 
650° and 1200°C although at temperatures 
above 950°C there was less of this carbide 
formed. 

(ii) Fine matrix precipitates were formed on the 
crystallographic planes during tensile testing 
between 800° and 1100°C. This was the tem- 
perature range over which the material 
exhibited reduced ductility. 
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4 Grain boundary chromium carbides in specimen tensile tested 
at 650°C after solution treatment at 1 350°C 10000 


(iii) Specimens aged for 3 h at 850°C before tensile 
testing, and which had good ductility values, 
contained grain boundary carbides, but the 
matrix did not give any indications of fine pre- 
cipitation along crystallographic planes. 


Structures shown by electron microscope 


Effect of solution treatment The matrix of the speci- 
men air cooled from 1050°C, after 1 h, was free from 
fine precipitation, but some ‘dot’ type carbides (1 ,) 
seen in the optical microscope had been extracted and 
replicas of the larger copper coloured niobium carbides 
(10-15 «) were also present. At the grain boundaries 
(Fig.3) an irregular leafy chromium carbide of the 
M,,C, type was found. This was of the order of 0-2 
0-5 pw long and its form suggested that it had formed on 
cooling from the solution treatment temperature. 

Solution treatment at 1350°C for 3 min resulted in 
the formation of larger and more numerous grain 
boundary carbides of the M,,C, type, with very short 
secondary limbs developed in a dendritic pattern. 
These carbides were about } » long but still very thin. 
No fine precipitates were seen in the matrix although 
replicas of the ‘dot’ type niobium carbides (1-2 ,) 
were present. 

In the following notes the structures described 
relate to the specimens air-cooled from 1050° and 
1350°C followed by hot tensile testing, the correspond- 
ing changes in ductility being as shown in Fig.1. 
Structure after tensile testing at 650°C following solution 
treatment, elongation 26:5°,, During tensile testing 
some growth of the grain boundary carbides had 
occurred and the secondary arms were more pro- 
nounced (Fig.4). Apart from a few small cubes and 
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5 Fine matrix niobium carbides and grain boundary M,,C, 
type carbide in specimen deformed 1%, at 850°C after solution 
treatment at 1350°C 10000 


lath-shaped carbides the matrix was free from fine 
precipitation. 

Structure after tensile testing at 850°C following solution 
treatment, elongation 6°, At this testing temperature 
a specimen was examined after it had been deformed 
only 1%, i.e. while straining had taken place for a 
minute or so at temperature. As seen in the optical 
microscope such embrittlement had occurred that 
shallow intergranular cracks developed (Fig.2c). 

The electron microscope revealed that the grain 
boundary carbides were mostly of the M,,C, type 
having developed the classical fernlike form, referred 
to by other workers?*~** and shown in Figs.5 and 6. 

In the matrix copious precipitation of niobium 
carbides had occurred both as fine threads on disloca- 
tions, 25-100 A thick and up to 3000 A long, and as 
discrete rectangular and cubic platelets up to 100 A 
long. 

Preferential precipitation of these fine niobium car- 
bides had oceurred on the 111 planes of the austenitic 
lattice operative in the deformation process. In many 
grains it was possible to see this type of precipitation in 
three different directions (Fig.5). The matrix carbides 
were precipitated right up to the grain boundaries. 
Some large niobium carbides (4) were extracted and 
corresponded to the ‘dot’ type carbides seen under the 
optical microscope. Around such carbides there was a 
higher concentration of fine niobium carbides of the 
dislocation thread type. This was probably caused as a 
result of lattice strains set up owing to the difference 
between the coefficients of thermal expansion of the 
matrix and the large niobium carbides*® as illustrated 
by Arrowsmith. *? 
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6 Fine matrix niobium carbides and grain boundary M,C, 


type carbides in specimen deformed 1%, at 850°C after solution 
treatment at 1 350°C < 60.000 


The specimen that was broken at 850°C was about 
4 min at temperature and showed similar features to 
those seen in the specimen subjected to 1% strain. 
The matrix precipitates were slightly larger, however, 
and there were fewer fine discrete platelets present 
(Fig.7). 

In both the specimen strained 1°, and that broken 

at 850°C, the density of dislocation thread-type 
niobium carbides was greatest near the grain boundar- 
ies (~2-6 x 10° cm~*). Such concentrations of precipi- 
tates occurring after small strains would result in 
further deformation in the grain boundary regions 
being severely restricted and could lead to sufficient 
stress build-up at the grain boundaries to initiate 
intergranular fracture. 
Structure after tensile testing at 950°C following solution 
treatment, elongation 10-5°%, This specimen exhibited 
all the general features seen in the specimens tested at 
850°C but with some modifications. The grain bound- 
ary M,,C, type carbides were larger but had the 
characteristic leafy form (see Fig.9). The halo effect 
round the precipitate in this figure was produced by 
the abnormally thick carbon film necessary to extract 
these large carbides. 

The matrix niobium carbides had nucleated on 
fewer sites and showed more extensive growth. There 
was also evidence that instead of precipitating in the 
matrix as niobium carbide, some carbon was diffusing 
to the grain boundaries and combining there with 
chromium. This was indicated by zones adjacent to the 
grain boundaries which were denuded of niobium car- 
bide, as shown in Fig.8. In these zones it was found 
that the dislocation precipitates of niobium carbides 
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7 Fine matriz niobium carbides of the dislocation thread type in 
specimen broken at 850 °C after solution treatment at 1350°C 
x 60000 


associated with 111 slip planes in the austenite matrix 
tended to get smaller as the grain boundary was 
approached until the precipitate took the form of 
small discrete particles and then ceased some 0-7 » 
from the boundary. 

Structure after tensile testing at 1000° and 1050°C 
following solution treatment, elongation 8%, and 7% 
respectively With further increase of testing tempera- 
ture to 1000° and 1050°C the only changes in micro- 
structure observed were an increase in size of the dis- 
location type niobium carbide precipitates, and precip- 
itate separation, together with growth of the grain 
boundary carbides to about 2 x 4». The denuded zone 
was between I » and 3» wide. Figure 10 illustrates 
these features in a specimen tested at 1000°C. At high 
magnification this grain boundary carbide was seen to 
contain dislocations and what appeared to be slip 
bands. 

Structure after tensile testing at 1100°C following solu- 
tion treatment, elongation 3-5°%, At 1100°C consider- 
able growth of the matrix carbides had occurred, these 
now tending to nucleate as separate cubes of niobium 
carbide along dislocations and slip planes, giving the 
impression of diffuse bands of precipitates (Fig.11). The 
presence of large M,,C, type carbides (Fig.12) was 
confirmed by electron micro-diffraction: Fig.13 shows 
the pattern obtained from the large well-developed 
fernlike carbide, inset at a magnification of x 6000. 
The ‘d’ values calculated for this carbide are shown 
in Table Il, together with the reported values for 
Cr,,;C,. These grain boundary carbides now meas- 
ured 1-2 » long and the denuded zone was about 2 » 
wide in places. The matrix niobium carbides were 
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8 Denuded zone at grain boundary in specimen tested at 950°C, 
after solution treatment at 1 350°C x 10000 


between 200 A and 900 A square, while some large 
(4-1 ») spherical niobium carbides were found at the 
grain boundaries. 

Structure after tensile testing at 1200°C following solu- 
tion treatment, elongation 9-5°, The amount of matrix 
precipitation which occurred at this temperature was 
very small. Some dislocation type niobium carbides 
were present but the majority of the niobium was 
present as widely spaced overaged rectangular par- 
ticles (Fig.14). The grain boundaries contained some 
large (4-1 «) spherical replicas similar in shape and 
size to the niobium carbides observed in the specimen 
tested at 1100°C. Some M,,C, type carbides were seen 
at the grain boundaries as elongated envelopes and in 
a large triangular form. 

Effect of ageing at 850°C after solution treatment and 
before hot tensile testing Referring to Fig.1, it will be 


TABLE I! Electron micro-diffraction results for grain 


boundary carbides in 18—12-Nb steel 


The following electron micro-diffraction results 
relate to the grain boundary carbide seen in a 
specimen tensile tested at 1100°C and shown as 
an insert on the diffraction pattern in Fig.12. 





Observed ‘d’ values Reported ‘d’ values (A units) 





(A units) Cr4,C, NbC 
2-63 2-66 
2-53 2-54 
2-07 2-05 
1-83 1-80 
1-69 1-68 
1-66 1-62 
1-56 1-55 
1-51 1-49 
1-40 1-38 
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9 Large fernlike M,,C, type grain boundary carbide in spect- 44 Diffuse bands of niobium carbides on slip planes in speci- 
men tested at 950°C after solution treatment at 1 350°C men tested at 1100°C after solution treatment at 1350°C 
x 60000 x 60000 










10 Denuded zone around large grain boundary M,,C, type 12 Grain boundary M,,C, type carbides and denuded zone in 


carbide together with fine matrix niobium carbides in speci- specimen tested at 1 100°C after solution treatment at 1 350°C 
men tested at 1000°C after solution treatment at 1 350°C x 10000 
x 10000 
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13. Diffraction pattern from the grain boundary carbide shown, 
which was taken from the specimen tested at 1100°C after 
solution treatment at 1 350°C x 6000 


seen that pre-ageing for 3 h at 850°C without strain, 
following a solution treatment at 1350°C raised the 
ductility trough at 850°C from 6% to 22-5% elonga- 
tion. Specimens were examined to account for this 
behaviour. 

Specimens aged at 850°C for times of 4, 1, and 3 h, 
without strain, did not show the dislocation thread 
type of niobium carbide precipitation in the matrix, 
which was characteristic of the specimens strained in 
the range 800—1050°C. Instead the niobium formed 
discrete spherical carbides whose size increased with 
ageing time from 100 A after } h to 200 A after 3 h. 
Some of these precipitates, while separated from their 
neighbours by at least 200 A, had nucleated on disloca- 
tions outlining a form of network or sub-grained 
structure (Fig.15). (A more marked example of this 
type of network has been seen in a steampipe which 
had been in service several thousands of hours.) There 
was a slight tendency for preferential precipitation on 
particular crystallographic planes, this being more 
prevalent near large (1-24) matrix niobium car- 
bides**~?? of the type seen in the optical microscope. 
A grain boundary denuded zone was present, while the 
grain boundary carbides were mainly large spherical 
niobium carbides with some small (} 1) leafy M,,C, 
type carbides. 

When tensile tests were carried out in the range 
700-850°C on the specmiens aged for 3 h at 850°C 
after solution treatment, the influence of strain on the 
form of the niobium carbides was again indicated by 
the appearance of fine dislocation thread type precipi- 
tates in the matrix; but the amount of thread type 
precipitate was naturally limited by the degree to 
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14 Widely distributed rectangular niobium carbides near grain 
boundary in specimen tested at 1200°C after solution treat- 
ment at 1 350°C < 10000 


which precipitation of spherical niobium carbide had 
occurred on ageing previously. Thread type niobium 
carbides were observed in the specimens tested at 
temperatures of 700-850°C. The structure of the 700°C 
specimen is shown in Fig.16 and that of the 900°C 
specimen in Fig.17. It will be seen that at 900°C most 
of the niobium carbide appeared as evenly distributed 
plates. 

At the grain boundaries very coarse leafy M,,C, 

type carbides were found at 700°C as shown in Fig.16, 
but at higher temperatures (800°, 850°, and 900°C) these 
carbides were considerably smaller (1). A denuded 
zone was still visible at 850°C. 
Microstructure of 17-11-Mo steel after tensile testing at 
850°C Specimens of an austenitic stainless steel con- 
taining molybdenum were examined after 3, 6, and 9%, 
plastic deformation at 850°C, following solution treat- 
ment at 1350°C. These gave no indication of the 
dislocation thread type matrix precipitates seen in the 
niobium stabilized steel. 

There were many large grain boundary carbides 
present of the M,,C, type, but the matrix contained 
only small amounts of fairly large (2500 A long and 
750 A wide) lath-shaped chromium carbides of the 
Cr,C, type. 


SIGNIFICANCE OF MICROSTRUCTURE IN RELATION 
TO DUCTILITY ON HOT TENSILE TESTING OF 
18-12-Nb STEEL 

1. The grain boundary chromium carbides of the 
M,C, type, which formed on cooling from 1350°C, 
were present in appreciable amounts after subsequent 
tensile testing at temperatures up to 1 100°C. 
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15 Grain boundary replicas and ‘discrete’ precipitates of 
niobium carbide in specimen solution treated at 1350°C and 
aged at 850°C for 3 h without strain x 10000 


2. While after solution treatment there was sub- 
stantially no precipitate within the austenite grains, 
tensile testing in the region of 850°C subsequently 
brought about precipitation of niobium carbides. The 
fact that nucleation did not occur on simple cooling 
and that the precipitates had an entirely different 
form when precipitated during ageing at 850°C in the 
absence of strain, indicated that the dislocation 
thread type of niobium carbide precipitation seen 
after tensile testing was strain induced. 

This structure with most of the available disloca- 
tions locked by niobium carbides, would tend to 
localize strain at the grain boundary regions wherein 
large two-dimensional M,,C, type carbides formed an 
almost continuous network (Fig.6). The result was that 
intergranular cracking had begun at only 1% defor- 
mation and fracture occurred with an overall elonga- 
tion of 6%. Overageing of the niobium carbides 
which occurred at higher temperatures led, it is 
believed, to the slight recovery of ductility at 950°C. 

3. In specimens tested at 950°C and above, the 
combination of carbon with chromium to form more 
M,,C, carbides along the grain boundaries, in prefer- 
ence to niobium carbide within the grains, resulted in 
the formation of the denuded zone adjacent to the 
grain boundaries. This denudation was very marked in 
specimens tested at 1050° and 1100°C and may have 
been the cause of the further loss of ductility shown on 
tensile testing in this temperature range. This is likely 
because it would tend further to increase the quantity 
of carbide at the boundary and because strain would 
tend to be localized in the weak denuded zone near the 
brittle boundary instead of being evenly distributed 
through the body of the crystals. 


16 Grain boundary M,,C, type carbides and fine dislocation 
thread type niobium carbides in specimen tested at 700°C 
after solution treatment at 1 350°C and ageing at 850°C for 3h 

« 10000 





17 Small grain boundary M,,C, type carbides and matrix 
niobium carbides in specimen tested at 900°C after solution 
treatment at 1 350°C and ageing at 850°C for 3h 10000 
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4. Between testing temperatures 1100-1 200°C the 
niobium carbide in the matrix becomes widely dis- 
persed as coarse particles owing to overageing. This is 
consistent with a reduced stiffening effect within the 
grains and with the improved ductility observed on 
testing at 1200°C. 

5. The result of ageing test pieces for 3 h at 850°C 
before tensile testing was to precipitate niobium car- 
bides in an even distribution of spherical particles. 
This restricted the amount of niobium and carbon 
available in solid solution for the formation of strain 
induced dislocation thread type niobium carbides 
during subsequent tensile tests. With fewer disloca- 
tions locked by niobium carbide precipitation the 
material possessed superior ductility. Curve B, Fig.1, 
showing the ductility of the aged hot tensile specimens 
is substantially different from curve A relating to 
unaged specimens. 

6. At the grain boundaries there were M,,C, type 
carbides as in the unaged series. In the specimen 
tested at 700°C very coarse leafy carbides were found 
(Fig.16), whereas after testing at 800—-900°C the car- 
bides were smaller (1 ;). 

7. It appears that the precipitation and growth of 
the grain boundary M,,C, type carbide is governed by 
strain and the degree of carbon supersaturation in the 
austenite. Fairly large M,,C, type carbides (4 » long) 
were produced after air cooling from high solution 
treatment temperatures in the presence of strain 
resulting from thermal contraction. Whereas growth 
of these grain boundary carbides occurred, even at the 
expense of niobium carbide, at temperatures up to 
1100°C under applied strain, very little detectable 
growth occurred during ageing for 3 h at 850°C. The 
application of strain to an aged structure caused rapid 
growth of the M,,C, type carbides at temperatures up 
to 800°C, but above this temperature even under 
applied strain it was the niobium carbides that were 
able to grow. 


SIGNIFICANCE OF RESULTS IN RELATION TO 
GRACKING OF WELDED JOINTS IN 18-12-Nb STEEL 

1. The investigation of the hot ductility character- 
istics by Truman and Kirkby”® and the work reported 
above have demonstrated that with this steel a high 
temperature solution treatment followed by quite 
small strains in the range 800-1100°C can produce 
structural effects resulting in extreme intercrystalline 
brittleness, which can result in cracking at the grain 
boundaries at very small strains. This is the type of 
cracking observed in the heat-affected zone of welded 
joints and the conditions favouring this type of em- 
brittlement are such as to provide a rational explana- 
tion of the weld joint cracking, either 


(i) on cooling down after welding 
(ii) on stress relieving subsequently, and possibly 
(iii) in service under conditions applying to the 
superheater and piping supplying high-tem- 
perature steam turbines. 


2. During the welding cycle thermal stresses would 
be developed of sufficient magnitude to cause plastic 
deformation in material which had experienced a high 
temperature solution treatment. These conditions 
would favour the formation of strain induced precipi- 
tation of dislocation thread niobium carbides and 
large grain boundary chromium carbides in the tem- 
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perature range 800—1100°C. It has been shown that 
such a structure favoured intergranular cracking after 
very small amounts of plastic strain during hot tensile 
testing. Grain boundary denudation of niobium car- 
bide might also contribute to the heat-affected zone 
cracking in welded components of this steel. 

While on Truman and Kirkby’s hot tensile tests 
brittleness was most pronounced on testing at 850° and 
1100°C, similar effects occurring in the heat-affected 
zone might result in the development of a brittle 
structure which would persist on cooling down to 
lower temperatures. Cracking in the heat-affected zone 
of welds therefore need not be confined to the tempera- 
ture range 850-1100°C and may occur at lower tem- 
peratures. 

3. It has been shown by Truman and Kirkby that 
slow cooling after a high temperature solution treat- 
ment results in satisfactory ductility on hot-tensile 
testing subsequently. A fairly rapid cooling rate, as in 
a weldment, satisfied the conditions for producing low 
ductility levels by retaining the carbon and niobium 
in solid solution until they can be precipitated in the 
most damaging form. 

4. Cracking in the heat-affected zone by the mech- 
anism referred to above is likely to be extremely 
difficult to detect and it is not clear therefore whether 
cracking, found in welded joints after stress relieving, 
is initiated during stress relieving or not. In view of the 
structures observed, however, the initiation or propa- 
gation of cracks during stress relieving seems possible. 
On cooling down after welding, residual stresses of 
about yield point magnitude may exist and, in parts of 
the heat-affected zone at least, these must be in ten- 
sion. With a non-uniform structure involving a brittle 
intergranular network of carbides and a matrix stifien- 
ed with locked dislocations, and perhaps bounded by 
narrow denuded zones, relaxation of these stresses 
may involve severe local plastic strains. This implies 
the possibility of cracks starting or of existing cracks 
propagating. Whether cracking occurs or not it is also 
possible for embrittlement, occuring during cooling 
after welding, to continue during stress relieving 
through further strain induced precipitation of nio- 
bium carbide within the crystals and M,,C, chromium 
carbide along the crystal boundaries. 

5. If a part that has not been stress-relieved, such 
as a steampipe, is put into service at a high steam 
temperature the mechanism referred to above may 
operate in service and may lead to the development or 
spread of cracks in a period much less than the normal 
service life. 

If it is assumed that a pipe butt weld, say, is com- 
pletely sound after stress relieving, cracking of the 
type with which this investigation is concerned would 
not be expected to occur in service. Under these con- 
ditions, the life will be determined by the creep rup- 
ture characteristics of the material, taking micro- 
structural effects in the weld and heat-affected zone 
into account, also the possibility of local creep life 
exhaustion due to differential strain effects as between 
grain boundary material, matrix material, and the 
carbide denuded zone sandwiched between. 

6. A mechanism has been put forward to account 
for the cracking experienced in the heat-affected zone 
of many 18-12—Nb weld joints. There are, of course, 
many joints in service which have not failed and it has 
to be remembered that many factors such as weld 
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geometry, electrode composition, welding procedure, 
and weld restraint may also be involved. It may be 
that cracking is promoted only under a bad combina- 
tion of such conditions. It would appear, however, 
that with very many joints it had been touch and go 
whether cracking occurred or not. 

7. The structural effects that account for the varia- 
tion in ductility on Truman and Kirkby’s hot tensile 
tests and which it is suggested may explain also the 
cracking of 18-12—Nb steel on welding, do not suggest 
how this cracking can be avoided by any easy modifi- 
cation of the welding technique. 

In order to be effective, preheat temperatures of 
900-1000°C would be required and these of course 
would be impracticable. If it is held that cracking 
occurs on stress relieving rather than on cooling down 
after welding, then the risk of cracking might perhaps 
be reduced by not stress relieving in the region of 
850°C. To ensure an adequate degree of stress relief 
this might mean stress relieving at 1000—-1050°C. This 
again is difficult and does not avoid the risks involved 
in passing through the critical range of temperature 
twice, once on cooling after welding and again on re- 
heating for stress relieving. In connexion with the 
latter risk, it is perhaps worth noting that for rather 
different reasons Curran and Rankin" have suggested 
a two-stage stress relieving treatment, at 600°C to 
reduce the major stresses somewhat followed by heat- 
ing to 1050°C to complete the stress relieving process. 
A treatment of this type might have some advantage 
in limiting the amount of stiffening on heating through 
850°C. 


CONCLUSIONS 


From the evidence presented above the following con- 
clusions appear to be warranted. 

1. The marked changes in the ductility of 18-12-Nb 
steel, as found by Truman and Kirkby on hot tensile 
tests at temperatures between 650° and 1 200°C after a 
previous treatment at 1350°C, are attributable to 
changes in microstructure. The effect of ageing at 
850°C after the high temperature treatment and 
before hot tensile testing is also accounted for on the 
same basis. 

2. The microstructural changes which govern the 
ductility on hot tensile testing are: 


(i) grain coarsening at 1350°C 

(ii) the precipitation of a network of chromium 
carbides of the M,,C, type at the grain boun- 
daries 

(iii) precipitation of niobium carbide as discrete 
particles within the crystals in the absence of 
plastic strain 

(iv) precipitation of niobium carbide within the 
erystals in a thread-like form on dislocations 
associated with the 111 slip planes. This is a 
strain induced effect which can occur at tem- 
peratures in the region of 850°C in the presence 
of a strain below 0-01 and which appears to 
have a marked stiffening effect due to disloca- 
tion locking 

(v) the combination of carbon with chromium to 





Moore and Griffiths Microstructural causes of heat-affected zone cracking 39 


form more grain boundary carbide in prefer- 
ence to niobium carbide within the grains, thus 
giving rise to denuded zones adjacent to the 
grain boundaries. 


The way in which these structural changes correlate 
with ductility has been indicated. 

3. The conditions under which the above mentioned 
structural changes occur and the way in which they 
influence the hot ductility of the metal suggest 
strongly that similar metallographic changes occur in 
the heat-affected zone of welded joints and may reduce 
the ductility so much as to permit cracking under the 
influence of contraction stresses, either on cooling 
down after welding, on stress relieving, or possibly in 
service. 

4. Comparative tests by Truman and Kirkby on a 
steel of the 17-11—Mo type did not develop low duc- 
tility on hot tensile testing and did not show the 
structural effects found to be characteristic of 
18-12—Nb steel in the brittle condition. 
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Some effects of heat-treatment upon the 





impact-fatigue life of Ni-hard grinding balls 


R. H. T. Dixon, AJ.M., A.C.T.(Birm.) 


INTRODUCTION 

NI-HARD, a white cast iron containing 44°Ni and 
14% Cr, has a well-established position in industry as 
an abrasion-resistant material.' It combines excep- 
tional hardness, wear-resistance, and moderate tough- 
ness with good founding properties.* Ni-hard is usually 
employed in conditions of dry or wet abrasion, e.g. for 
grinding-mill liners, sand mullers, ete.*. * for which its 
outstanding resistance to abrasion make it particu- 
larly suitable. While in many such applications a con- 
siderable amount of repeated impact is involved 
(e.g. in ball- and rod-mill liners), the service stresses in 
such cases are of a low order, and it has been found 
that Ni-hard has ample toughness to withstand them.® 
However, under very heavy repeated impact, such as 
is encountered by balls in a large-diameter ball mill 
(10-12 ft dia.) breakage of Ni-hard balls may occasion- 
ally occur. It is most often met with in balls of iron 
which are ‘off-composition’, or in unsound balls, but it 
has been observed that under extreme conditions, 
where both mill and ball are of large diameter, fracture 
may occur even in Ni-hard of fully satisfactory 
metallurgical quality. The need therefore arose to 
increase the toughness of this type of iron without 
seriously impairing its excellent abrasion-resisting 
qualities. 

Examination of the microstructure of typical as- 
cast Ni-hard shows that three main phases are 
present (Fig.l). The structure consists of primary 
dendrites of austenite, which have subsequently been 
partly transformed to martensite on cooling, in a 
matrix of eutectic carbide. A typical composition for, 
say, a 60-mm dia. grinding ball would be 

%~C %Si %Mn %S ~P %Ni %Cr 

3-0 0-4 0-6 006 004 40 2-0 
Examination by both the Castaing micro-probe 
analyser and the carbide-extraction techniques has 
shown that the alloying elements are unequally divid- 
ed between the phases found in the microstructure. 
The chromium parts almost exclusively to the carbide, 
while the nickel is concentrated in the austenite— 
martensite dendrites. The function of the chromium is 
to increase the hardness of the Fe,C phase (900- 
1200 DPN), while the nickel exerts its well known 
effect upon the hardenability of the primary phase. 
The Ni-hard composition is balanced so that the 
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SYNOPSIS 

The effects of heat-treatment on the life to fracture, under 
conditions of repeated impact, of the nickel-chromium 
alloy white cast iron Ni-hard, have been investigated. The 
improvements in life obtained were found to be related 
to changes observed in the microstructure of the primary 
phase, and a theory is put forward to explain the various 
results obtained. 

A field test of grinding balls, subjected to the preferred 
heat-treatment developed indicated that the alloy iron had 
much superior wear resistance to that of forged medium 
carbon steel, and no difficulties were experienced due to 
ball breakage over a test period of 14 months. 1910 





graphitizing effects of elements such as silicon and 
nickel are completely offset by the carbide-stabilizers 
manganese and chromium. No graphite should be 
present, and a normal structure would have about 
50% of martensite in the austenite dendrites, in a 
matrix of eutectic carbide. 

In correlating microstructure with incidence of 
cracking under conditions of severe impact, it was 
found that cracks always tended to follow the path of 
the carbide network, seldom, if ever, cutting through 
austenite—martensite aggregates. 

It was also found that if the surface layers of Ni- 
hard balls are subjected to repeated heavy impact, 
deformation of the unstable austenite phase will cause 
it to transform to martensite, and the resulting 
expansion builds up high compressive stresses in the 
surface layers. This compressive stress at the surface 
results in the central area of the ball being subjected to 
high tensile stresses, which build up until the stress 
level is such that one more blow contributes sufficient 
additional stress to cause central failure because the 
cohesive strength of the material is exceeded. This 
mechanism of breakdown has been confirmed to some 
extent by practical observations of ball failure. 

Under conditions of repeated relatively light impact 
there is a tendency for a very thin surface layer to be 
deformed and this can result in spalling of surface 
layers. Intermediate conditions of repeated impact 
have often been found to result in cap fracture. 

The observations made indicated several potentially 
useful lines of work: 

(i) production of a discontinuous carbide structure 
(ii) toughening of the carbide phase 


















































1 As-cast microstructure of a 14-in dia, grinding ball x 1000 


(iii) toughening and stabilizing of the austenite— 

martensite dendrites 

(iv) refining the distribution of both phases. 

All these lines of investigation have been followed up: 
the present paper is concerned with work done under 
section (iii). 

While several previous investigators*-* have studied 
the heat-treatment of Ni-hard, no qualitative assess- 
ment has been made of the effects of such treatments 
on impact-fatigue life. 

Although, at first sight, it would appear that chang- 
es in the austenite—martensite support phase might 
have only small effects upon the toughness of the balls 
when subjected to repeated heavy impact, preliminary 
tests of a rudimentary nature soon indicated that this 
presumption was not justified. This finding led to the 
start of a comprehensive investigation. 

Apparatus was constructed in which balls can be 
subjected to impact conditions resembling those 
obtaining in a ball mill (Fig.2) and, with this machine, 
tests were made to ascertain the extent to which the 
impact-resistance of a batch of commercial Ni-hard 
balls can be improved by heat-treatment. 


MATERIALS TESTED 


The balls chosen for investigation were of 1} in dia., 
and were cast in greensand moulds from one heat of 
iron made by a commercial foundry. They had the 
following composition 

%C Y%Si %Mn %S %P WNi %Cr %Mo %Cu 

3-39 0-63 0-60 0-089 0-052 3-51 1-40 0-01 ca0-02 
The as-cast microstructure consisted of martensite 
50-60% austenite aggregates in a matrix of carbide 
(Fig.1), and only a small percentage of the balls was 
found to suffer from porosity or to contain flake 
graphite. The hardness of the as-cast balls was 715 
DPN. 


EXPERIMENTAL PROCEDURE 

In the test apparatus the grinding balls were repeated- 
ly caused to fall from a height of 21 ft on to an inclined 
Ni-hard anvil (Fig.2). The number of impacts neces- 
sary to cause fracture was determined, for balls in the 
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as-cast condition, and for balls which had undergone 
one or other of the following heat-treatments: 

4 hat 200°C 

I¢hat 275°C 

4 hat 275°C 
36 hat 275°C) 
48 hat 275°C . 
hat 350°C -ir-cooled 
hat 450°C 
hat 500°C 
hat 550°C 
hat 750°C 
hat 850°C 
hat —78°C, air-heated to room temp. 
h at —196°C, air-heated to room temp. 
hat 150°C) 
hat 275°C 
hat 350°C wae 
hat 450°C pair-cooled + aici c, 
hat 550°C 
hat 750°C 
hat 850°C) 
hat -—78°C\air-heated to room-temp.+4 h 
h at —196°C/at 275°C 
At least four balls were subjected to each heat- 
treatment. 

The fractured balls were sectioned for micro- 
examination and hardness determination. Immediate- 
ly after fracture, the fractured surface of each ball was 
examined under a low-power binocular microscope, to 
determine its soundness and freedom from stress- 
concentrators such as surface defects. 

Additionally, small pieces from as-cast fractured 
balls were heat-treated as indicated below, with a 
view to following more closely the constitutional 
changes liable to occur under various conditions: 

(i) 4 min, 2, 4, and 48 h at 275°C; air-cooled 
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TABLE | Life-to-fracture, hardness, and microstructure after single heat-treatments 








Average 
life-to- Mean 
ple fracture, variation, Hardness, 
no. Heat-treatment in drops % DPN Microstructure 
0 As-cast 487 +10, —10 715 50-60% austenite martensite aggregates in carbide matrix 
(Fig.1) 
1 4 h at 200°C, and air-cooled 1550 +10, —9 700 50-60% austenite tempered-martensite aggregates in carbide 
matrix 
2 1} h at 275°C, and air-cooled 2600 +7, —7 710 40-50% austenite tempered-martensite bainite aggregates in 
carbide matrix 
3 4 h at 275°C, and air-cooled 3070 +10, -—-9 150 10% austenite tempered-martensite bainite aggregates in 
carbide matrix 
4 36 h at 275°C, and air-cooled 4025 +7, —8 760 2-5% austenite tempered-martensite bainite aggregates in 
carbide matrix 
5 48 hat 275°C, and air-cooled 4350 one 7170 Tempered-martensite bainite aggregates in carbide matrix 
(Fig.8) 
6 4 h at 350°C, and air-cooled 1065 +13, —17 700 50-60% austenite tempered-martensite trace of bainite 
aggregates in carbide matrix 
7 4 h at 450°C, and air-cooled 266 +0 650 Tempered-martensite martensite trace of austenite aggre- 
gates in carbide matrix 
8 4 h at 500°C, and air-cooled 90 4-14, —14 625 10% austenite tempered-martensite fine pearlite martensite 
aggregates in carbide matrix 
9 4 h at 550°C, and air-cooled 265 +12, —7 580 2% austenite tempered-martensite pearlite aggregates in 
carbide matrix (Fig.10) 
16 4 h at 750°C, and air-cooled 442 +19, —11 760 2-5% austenite martensite aggregates in carbide matrix 
11 4 h at 850°C, and air-cooled 295 +10, —14 800 Martensite in carbide matrix (Fig.11) 
12 4 hat —78°C, and air-heated 355 +2, —2 780 Martensite with traces of austenite in carbide matrix 
13 4 hat —196°C, and air-heated 370 +8, —5 790 Martensite with traces of austenite in carbide matrix (Fig.9) 





(ii) 15 min, 2}, 4, 7, 16, 48, and 100 h at each of the 
following temperatures, 350°, 400°, 450°, and 
550°C 

(iii) 2 min and 4 h at 500°C; air-cooled. 

All the samples so heat-treated were examined for 

microstructure and hardness. 


EXPERIMENTAL RESULTS 
The results of the drop tests are summarized in 
Tables I and II, and Figs.3-5. Each life-to-fracture 
figure quoted is the mean of at least four tests, and the 
percentage variation from the mean value is also 
given, to indicate reproducibility. Results obtained on 
balls found to be porous or to suffer from surface 
defects were discounted, and the tests were repeated. 
It is believed that discussion of the effect of heat- 
treatment on impact-fatigue life will be made more 
comprehensible by prior presentation of an approxi- 
mate isothermal-transformation diagram for the 
materials under consideration. Although this type of 
diagram may be used to indicate the transformations 
which occur in these irons, it must be remembered 


that we are here concerned with the reheating of a cast 
material which has first been cooled to room tempera- 
ture and not with the isothermal transformation of an 
iron which has not passed its M, temperature. The 
curves in Fig.6 illustrate onset of transformation 
throughout the temperature-range investigated. The 
diagram has been split up into five zones. 

Zone A Isothermal transformation does not occur 
within a reasonable time, but martensite is tempered 
and carbide is precipitated from residual austenite, 
thereby raising its M, temperature. Subsequent cooling 
therefore causes the formation of additional marten- 
site. 

Zone B Isothermal transformation of residual aust- 
enite to pearlite. Martensite is tempered. 

ZoneC As Zone A. 

Zone D Isothermal transformation of residual aus- 
tenite to bainite. Martensite is tempered. 

Zone E There is a tendency to transformation of 
residual austenite to martensite above or below room 
temperature. If this occurs above room-temperature 


TABLE I! Life-to-fracture, hardness, and microstructure after duplex heat-treatments 








Average 
life-to- Mean 

Sample fracture, variation, Hardness, 

no. Heat-treatment in drops % DPN Microstructure 

14 4hat 150°C, and air-cooled 1550 +1, —1 815 10-20% austenite tempered-martensite bainite aggregates 
4hat 275°C, and air-cooled in carbide matrix 

15 4hat 275°C, and air-cooled 945 +5, —5 800 10% austenite tempered-martensite bainite aggregates in 
4hat 275°C, and air-cooled carbide matrix 

16 4hat 350°C, and air-cooled 204 +4, —9 700 20-30% austenite tempered-martensite bainite aggregates 
4hat 275°C, and air-cooled in carbide matrix 

17 4hat 450°C, and air-cooled 7200 +2, —1 670 Tempered-martensite bainite in a carbide matrix (Fig.13) 
4hat 275°C, and air-cooled 

18 4hat 550°C, and air-cooled 455 +6, —4 595 Tempered-martensite pearlite trace of bainite aggregates in 
4hat 275°C, and air-cooled earbide matrix F 

19 4hat 750°C, and air-cooled 5650 +20, —10 790 Tempered-martensite + 2-5% bainite aggregates in carbide 
4hat 275°C, and air-cooled matrix 

20 4hat 850°C, and air-cooled 1076* +22, —10 787 Tempered-martensite in carbide matrix (Fig.14) 
4hat 275°C, and air-cooled 

21 4hat —78°C, and air-heated 5570 +5, —20 780 Tempered-martensite with traces of bainite in carbide matrix 
4hat 275°C, and air-cooled 

22 4h at —196°C, and air-heated 5080 +12, —14 820 Tempered-martensite with traces of bainite in carbide matrix 
4hat 275°C, and air-cooled (Fig.12) 





* Intergranular oxide penetration 
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some stress-relief is effected, but at sub-zero tempera- 
tures this effect does not occur. 


Results obtained by means of a single-stage heat-treatment 
Life-to-fracture 

Considerable lengthening of life-to-fracture of a 
grinding ball may be obtained by heat-treatment in 
the region of 275°C (Table I). Treatment at substan- 
tially lower or higher temperatures did not effect the 
same degree of improvement (Fig.3). The standard 
time of heat-treatment was originally fixed arbitrarily 
at 4 h, but in view of the success of the treatment at 
275°C, the time factor was varied for that temperature, 
and it was found that prolonging the period to 48 h 
produced a further large increase in life-to-fracture 
(Fig.5). 

Microstructure 

The microstructure of an as-cast ball is shown in 
Fig.1: the constituents present are 60°%, martensite— 
austenite aggregate in a matrix of carbide, the amount 
of residual austenite being 50-60°%, of the total aggre- 
gate area. Micro-examination, both before and after 
testing, of the balls which had been heat-treated (see 
Figs.7-11) indicated that at 275°C decomposition of 
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the residual austenite to bainite was occurring: this 
transformation was found to be virtually complete 
after soaking for 48 h (Figs.7 and 8), and simultaneous- 
ly the original martensite in the balls was tempered. 
Heat-treatment at temperatures below 275°C, say 
200°C, served only to temper the martensite, without 
bringing about a significant amount of austenite de- 
composition. At still lower temperatures, —78 and 
—196°C, the original martensite was apparently un- 
affected but most of the residual austenite broke down 
to martensite (Fig.9). Heat-treatment at 350°C 
tempered the original martensite and brought about a 
slight transformation of the residual austenite to upper 
bainite. At 450°C, also, the original martensite was 
tempered but the residual austenite was found to have 
broken down almost entirely to martensite on cooling. 

Heat-treatment at 550°C tempered the original 
martensite and caused transformation of most of the 
residual austenite to dark-etching fine pearlite, 
(Fig.10). Raising the heat-treatment temperature to 
750°C or above resulted in virtually complete trans- 
formation of austenite to martensite on cooling 
(Fig.11). 

The variations in hardness of the balls were found to 
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7 Heat- 
treated at 
275°C for 
4h. Air- 
cooled, 
Etched in 
2% nital 
x 150 





be compatible with the microstructural changes 
(Fig.3). Sub-zero treatment raised the hardness, owing 
to the development of more untempered martensite: 
treatment at 200°C resulted in a slight fall in hardness, 
due to the tempering of the original martensite, with- 
out significant change in the amount of residual 
austenite. The optimum heat-treatment, at 275°C, was 
found to cause slight increase in hardness: formation of 
bainite from soft austenite tended to offset the loss of 
hardness associated with the tempering of the original 
martensite. Tempering at 350°C resulted in a slight 
drop in hardness, due to tempering of the original mar- 
tensite without any substantial transformation of the 
austenite. The 450°C treatment which resulted in a 
mixed structure of martensite and tempered marten- 
site, also produced a softer ball. The tempering of the 
original martensite, together with the decomposition 
of austenite to low-carbon martensite, did not cause 
any irregularity on the hardness curve (Fig.3). Heat- 
treatment at 550°C was associated with a further drop 
in hardness, consequent upon the appearance, in the 
microstructure, of a large amount of fine pearlite. 
Treatment at 750°C and above produced a distinct 
rise in hardness, due to the development by this ‘con- 
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§ Cooled to —78°C for 4 h. Air-heated. Etched in 2% nital 
x 1000 


ditioning’ heat-treatment of additional quantities of 
untempered martensite on cooling. 

Microhardness tests on the carbide phase of balls 
after single heat-treatments indicated that while the 
general level of carbide hardness was 1150-1200 
DPN, the hardness of the carbide after heat-treatment 
at 450°C was always in the range 1000-1100 DPN. 


Resuits obtained by means of a duplex heat-treatment 
Life-to-fracture 

Table II and Figs.12—14 summarize the results obtain- 
ed on balls subjected to a two-stage heat-treatment. 
Figure 4 demonstrates that three different types of 
treatment were effective in producing balls which had 
good drop-test lives: (i) a sub-zero treatment, followed 
by tempering at 275°C, (ii) a super-critical treatment 
followed by tempering at 275°C, and (iii) a low-tem- 
perature soak without intermediate-product forma- 
tion, followed by tempering at 275°C. All three treat- 
ments result in virtual elimination of austenite with- 
out formation of pearlite, and in tempering of any 
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martensite formed during or subsequent to the first 
stage of the duplex heat-treatment. 


Microstructure 

The balls which were subjected to a sub-zero treat- 
ment followed by tempering at 275°C exhibited the 
types of structure illustrated in Figs.12—-14. It was 
found that the martensite formed during the first 
stage of the treatment was tempered by the 275°C 
treatment, which would also tend to convert the last 
traces of austenite to bainite. 

The balls which were given a prior super-critical 
heat-treatment followed by tempering at 275°C also 
showed final structures consisting of tempered mar- 
tensite in a carbide matrix. Figure 4 indicates that the 
most effective treatment in the duplex series was one 
involving 4 h at 450°C followed by tempering at 
275°C. The microstructure of a ball so treated is shown 
in Fig.13: it consists of a tempered martensite—bainite 
aggregate in a matrix of carbide. 





Ave 


12 Cooled to —196°C for 4h. Heated 4h at 275°C. Air-cooled. 
Etched in 2% nital x 1000 
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13 Heat-treated for 4h at 450°C+4h at 275°C. Air-cooled. 
Etched in 2% nital x 1000 


Figure 4 also illustrates the variations in hardness 
produced by the respective heat-treatments. The 
wholly-tempered martensite structures resulting from 
prior sub-zero or super-critical treatments have a com- 
bination of high hardness and good impact-fatigue life, 
the balls giving optimum impact-fatigue life have 
slightly lower hardness. The hardness curve also 
demonstrates the soft nature of the transformation 
product resulting from heating at 550°C, and it is note- 
worthy that although this treatment produced the 
softest ball of the series, the impact fatigue life 
obtained was very poor. 


Results obtained in isothermal transformation tests 

Isothermal transformation tests, carried out to clarify 
the transformation characteristics of this batch of 
Ni-hard, indicated that the bainite nose of the curve 
probably occurred at about 275°C and that at about 
550°C the onset of transformation to fine pearlite 
occurred after about 30 min. At 350°C transformation 
to upper bainite began only after soaking periods of 





14 Heat-treated for 4h at 850°C +4 h at 275°C. Air-cooled, 
Etched in 2% nital x 1000 
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15 As-cast Ni-hard, showing cracks through the carbide. 
Etched in 2% nital x 1000 


more than 7 h, and at 450°C no intermediate product 
was precipitated, but, on cooling, the austenite did 
break down to light-etching martensite. Figure 6, 
which illustrates the type of $ curve which the trans- 
formations observed would follow, does not purport to 
be an accurate picture, but it illustrates the broad 
effects observed in the various temperature ranges 
investigated. 


Other factors which influence the life-to-fracture of a 

grinding ball 

Soundness 

From time to time balls showing varying degrees of 
unsoundness were encountered, and these invariably 
had lower drop-test lives than corresponding sound 
balls. Tests of behaviour under a single very heavy 
blow, made by dropping a weight of 2 ewt from a height 
of 13 ft, showed that if the blow was on to the ingate, 
unsound balls invariably fractured, but that if simi- 
larly unsound balls were positioned so that the weight 
dropped on an area at 90° to the ingate they usually 
withstood several blows before fracture. 

Occasionally unsoundness took the form of sub- 
cutaneous blow-holes and, as expected, such defects 
led to exfoliation of the surface layers of the ball early 
in the test cycle. 


Carbide-form and hardness 

Micro-examination of fractured balls consistently indi- 
cated that the cracks propagate through the carbide 
(Fig.15): it is therefore probable that continuity of the 
carbide is an important factor, having a direct bearing 
on ball-life. The balls examined in this investigation 
showed a continuous to semi-continuous carbidic 
structure, and it would be expected that balls having a 
discontinuous carbide structure would have shown 
greater toughness as gauged by the life-to-fracture test. 


Graphite 

Traces of flake graphite have an effect similar to that 
of unsoundness. Graphite, when present, was found to 
occur in two positions in the balls: (a) at the surface 
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16 Flake graphite and decarburized band at the surface of the 
Ni-hard ball. Etched in 2% nital x 1000 


(Fig.16), and (6) in the central areas, where it was 
often found to be associated with unsoundness and 
inclusions. In both positions it is, of course, undesir- 
able, in the former case particularly so, since graphite 
in that region led to premature cap fracture. 

It was observed that as the toughness of the balls 
was increased by the various heat-treatments applied 
the influence of surface flake graphite increased. 


Surface oxidation 

Heat-treatment at temperatures of 750°C or above, in 
an oxidizing atmosphere, was found to cause a type of 
intergranular oxide penetration (Fig.17): this also 
promotes premature cap fractures, in a manner similar 
to that observed for surface flake graphite. 


CONSIDERATION OF EXPERIMENTAL RESULTS 


The best life-to-fracture in Ni-hard grinding balls 
appears obtainable by means of heat-treatments which 
break down residual austenite and promote tempered 
martensite and/or bainite. Increasing the amount of 
tempered martensite, at the expense of bainite, brings 
about a further improvement. The mechanisms by 
which these structures are produced by the heat- 
treatments described in the present work have already 
been discussed and illustrated with reference to the 
schematic isothermal-transformation diagram (Fig.6). 

The structure formed by transformation in Zone D 
gives the longest life-to-fracture, as evaluated by the 
drop test described. 

The duplex heat-treatments comprise simply the 
tempering, at 275°C, of structures produced by the 
single-stage treatments. Best results are given by 
structures consisting solely of tempered martensite 
and bainite (in the usual carbide matrix). The amount 
of martensite is increased by treating in Zones A, C, or 
E so that by subsequent tempering, high impact- 
resistance is obtained. 

The duplex heat-treatment at 275°C with inter- 
mediate air-cool did, however, produce balls with an 
unexpectedly low impact-fatigue life (Table II). 
Although this result was carefully checked, very 
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17 Oxide penetration into surface of Ni-hard after heat-treat- 
ment at 850°C under oxidizing conditions. Etched in 2%, 
nital x 1000 


similar values for impact-fatigue life were obtained. A 
completely satisfactory explanation of this result has 
not yet been formulated but it is thought to be 
possible that when using two consecutive heat-treat- 
ments of 4 h at 275°C, the residual austenite which is 
present after these treatments is so conditioned, by 
fine carbide precipitation, that on subsequent cooling, 
untempered martensite is formed from it, shorter 
times at 275°C being insufficient to condition the 
austenite, while longer times completely transform 
residual austenite to bainite. It is therefore preferable, 
if using a 275°C heat-treatment, to hold isothermally 
at this temperature until all the austenite is com- 
pletely transformed. 

It has been shown that the presence of either very 
hard constituents such as untempered martensite, or of 
soft constituents such as pearlite, gives balls having 
poor impact-fatigue properties. It may well be that the 
basic carbide network requires the support of phases 
with certain definite elastic properties if it is to with- 
stand repeated impact, and it is possible that constitu- 
ents such as tempered martensite and/or bainite, 
which have intermediate properties, about fulfill these 
requirements. However, when failure does occur, the 
path of fracture invariably follows the brittle cement- 
ite network, and it thus appears probable that al- 
though the impact-fatigue life of Ni-hard may be con- 
siderably improved by modification of the non- 
carbidic portions of the structure, additional increase 
in life would be obtainable if the carbide could be 
modified, for example, to form a discontinuous net- 
work or a globular dispersion. It is considered to be 
also of some significance that heat-treatment at 450°C 
causes a definite drop in carbide hardness. This change 
may be accompanied by toughening of the carbide and 
it is thought possible that the drop in hardness may be 
due to precipitation of a sub-carbide. However, this 
hypothesis has not yet been confirmed. 

Other investigators,® using X-ray and electron 
microscopical techniques, have also found that in irons 
of this type, tempering at 400°F (204°C) for 4 h causes 
precipitation of lamellar epsilon carbide in the mar- 
tensite phase. This phenomenon was not investigated 
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TABLE fli Field test on 2j-in dia. double-heat-treated 
grinding balls in nickel-oxide sinter-grinding mill 








Duration of test 
Total weight of nickel-oxide 


14 months 


sinter ground 42000 short tons 
Loss in weight: 
Ni-hard balls 0-12 Ib/short ton of sinter ground 


Forged medium-carbon steel 
balls 1-80 Ib/short ton of sinter ground 
Wear factor in favour of Ni-hard 15 to 1 





in the present work, but since it would be expected to 
exert a considerable influence upon the elastic proper- 
ties of the support phase (the primary phase), it would 
probably have an important effect upon toughness 
under conditions of repeated impact. Reference to 
Fig.3 indicates quite clearly that a 200°C tempering 
treatment did in fact cause a very significant improve- 
ment in impact-fatigue life and some evidence was 
obtained of precipitation of a phase in martensite 
tempered at 275°C. 

The effects of heat-treatment on the single-blow 
impact strength of Ni-hard were determined also upon 
a separate heat of iron. Sand cast 0-798-in dia. bars 
were tested in a 120 ft/lb Izod apparatus. In these 
tests the as-cast balls proved to be the toughest, and 
the double-heat-treated balls were among the weakest. 
This result was entirely as expected, since the presence 
of austenite in the as-cast microstructure would have 
an important beneficial effect upon single-blow impact 
strength. 

Single-blow impact tests were made also on 2}-in 
dia. Ni-hard balls. In this series the test consisted of 
dropping a weight of 15 cwt from a height of 8 ft on to 
the ball supported by a V anvil. Here again the as-cast 
balls were the toughest (six drops) and the double- 
heat-treated balls were weakest (one to two drops). 
Balls showing intermediate lives (two to four drops) 
were those which had undergone a single heat-treat- 
ment at 275°C. It appears, therefore, that for service 
involving occasional very severe single-blow impact 
coupled with light repeated impact, the single heat- 
treatment, at that temperature, probably represents 
the best compromise. 


FIELD TESTS 


It is obviously most important to relate impact- 
fatigue life as measured on the drop-testing apparatus 
to service performance under commercial conditions. 
It was therefore decided to conduct a field test on 200 
double-heat-treated (450°C+275°C) 2}-in dia. sand- 
cast Ni-hard balls. The test was made in the second 
compartment of a ball mill grinding dry nickel-oxide 
sinter. This mill, about 6 ft in dia., had a previous 
history indicating that it always broke a large propor- 
tion of as-cast white iron or Ni-hard balls. The results 
of the test on the experimentally-treated balls are 
given in Table ITI. No fracture occurred in any of the 
balls, and the wear factor of Ni-hard compared with 
forged medium-carbon-steel balls was found to be 
15 to 1. 

Further field tests are now in progress, on larger 
balls (4 in dia.) used in grinding raw stone for cement, 
in mills up to 8 ft in dia. 


CONCLUSIONS 


1. The impact-fatigue strength of Ni-hard is im- 
proved by the reduction of the austenite content of the 
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as-cast material, provided that the final structure is free 
of pearlite: the strength of a structure free of austenite 

pearlite is improved by a light tempering treatment 
and the higher the proportion of tempered martensite, 
as distinct from bainite, the greater is the strength 
of the iron. 

2. Heat-treatment at 275°C for at least 4 h, followed 
by air-cooling, considerably improved the life-to- 
fracture of a grinding ball, without lowering the hard- 
ness from its initial value of about 700 DPN. 

3. Duplex heat-treatments of three types were 
found to be effective in increasing life-to-fracture: 


(i) sub-zero treatment at —78°C or below, for 4 h, 
followed by tempering at 275°C for 4 h and 
(ii) ‘intermediate-zone conditioning’ at 450°C, for 
4h, followed by tempering at 275°C for 4 h and 
air-cooling 
(iii) ‘super-critical condition’ at 750°C, for 4 h, 
followed by tempering at 275°C for 4 h and 
air-cooling. 
Treatments (i) and (iii) both resulted in an increase in 
hardness of about 80 points DPN: treatment (6) pro- 
duced a drop in hardness of about 30 DPN. Optimum 
life-to-fracture was obtained from treatment (ii). 
4. Inclusions, flake graphite, porosity, pinholes, 


and deep surface oxidation all have an adverse effect 
on life-to-fracture. 

5. Where conditions of occasional heavy single-blow 
impact are encountered, coupled with repeated light 
impact, a single heat-treatment at 275°C should be 
used, since this gives the best combination of tough- 
ness under both conditions. 
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The Institute of Metals 


Symposium on practical aspects of pressing metal powders 


Below are given synopses of 12 papers presented at a sym- 
posium on ‘Practical aspects of pressing metal powders’ held in 
London on 16 December 1960. Thecomplete papers are publish- 
ed in Powder Metallurgy, no.6, with the exception of that by 
Martin, Knight, and Ellis, which will appear in no.7. 


Some developments in metal powder presses by J. Oakley (The 
Manganese Bronze and Brass Co. Ltd, Ipswich). The requirements of 
resses for the production of parts from metal powder are listed. The 
Pistorical ical development of modern presses from the early adapta- 
tions is described, their features being related to the demand for 
and more complex shapes and the use of powders that are not 
easily formed. Reference is made to the difference in approach shown 
in the American multi-motion presses and the Continental combina- 
tion of simple presses with complex tools used as a sub-press 
aasembly. 


Some fund tal studies in the cold compaction of plastically 
deforming solids by D. Train and J. A. Hersey (School of Pharmacy, 
University of London). Studies have been made of the behaviour 
under compression of materials which exhibit plastic deformation at 
normal temperatures, as exemplified by indium and lead. In par- 
ticular, attention has been focused on the effects of die-wall friction 
and on the influence of the relative volume. The die-wall friction 
effects produced by a solid plug of the material were compared with 
those produced by a particulate fill of the same material when com- 
preased under similar conditions, and a correlation of these effects 
with the shear strength of the material was made. A theoretical 
equation relating relative volume at either end of the compact is 
suggested. 
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Determination of hoop stresses induced in a cylindrical steel die by 
compacting metal powders by 8S. J. Bustamante and H. Sheinberg 
(Los Alamos Scientific Laboratory, University of California, Los 
Alamos, USA). Because of the lack of stress data, steel dies for com- 
pacting metal powders were designed in the past on the assumption 
of hydraulic pressure transmission by powders. 

True die stresses existing in a hardened steel die during the com- 
pacting of various lubricated and non-lubricated powders have been 
measured by mounting strain-gauges on the periphery of the die at 
numerous points along its length. 

Value of the hoop stress varied from approximately 0-05 to 0-40 of 
the calculated and measured hydraulic fluid stress. For a particular 
metal powder, the stress was a function of the average particle size, 
the powder height, and the amount of lubrication. 


The displacement of gas from powders during compaction by 
W. M. Long and J. R. Alderton (Atomic Weapons Research Estab- 
lishment, Aldermaston, Berks). A soap-bubble method was used to 
observe in detail the flow of gas out of powder masses during and 
immediately after compaction. The effects of powder material and 
size distribution, die size, pressing speed, and degree of compaction 
were investigated. The amount of gas trapped in the compact at 
completion of pressing varied from 12 to 83%, of the initial amount of 
gas present in the spaces between the powder particles, over the 
range of compaction conditions studied. As expected, the amount 
trapped increased with increase in die size, with increase in pressin, 
speed, and with decrease in particle size. Very little gas esca; 
during the latter stages of compaction, even at slow pressing speeds. 
The effect of a small punch/die clearance was examined in typical 
eases and shown to be minor, except with a coarse powder pressed 
at a high speed. 
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That trapped gas can produce cracks was demonstrated by making 
compacts containing varying amounts of trapped gas, other con- 
ditions remaining constant. With the particular powder used, once 
the amount of trapped gas had passed a certain level, the compacts 
tended to be fairly badly cracked. It appears, however, that cracks 
due to gas pressure alone tend to occur only when powders are 
rapidly compacted to very high densities. 


Radial pressures in powder compaction by W. M. Long (Atomic 
Weapons Research Establishment, Aldermaston, Berks). A simple 
theory is advanced to explain the variation of radial (die-wall) pres- 
sure during compaction in conventional dies. The theory predicts 
that during the perry and release of pressure by the punch, the 
radial pressure should follow a characteristic cycle whose form is 
determined by the elastic properties and by the yield stress in shear 
of the material which is being pressed. The theory is supported by 
experimental radial-pressure determinations on a range of materials. 

_ The theory accounts for the residual radial pressures which dies con- 
tinue to exert on compacts after removal of the punch pressure; accord- 
ing to the theory, these residual pressures arise through shearing of 
the pressed material, and have maximum values which are determined 
by the shear strength of the material. The mechanism of production 
of capping and laminar cracks by residual radial pressures is dis- 
cussed in detail. 

An apparatus for the measurement of radial pressures and powder/ 
die friction coefficients at moderately high temperatures is described. 


The influence of tooling methods on the density distribution in com- 
metal-powder parts by H. G. Taylor (Héganis-Billesholms AB, 
Héganis, Sweden). The theoretical movements required for the 
various moving tool elements during the pressing cycle are examined 
for several typical component sections. These theoretical movements 
are then compared with the actual movements of the moving tool 
elements in various types of tooling. The conclusion is reached that 
the conventional tool designs vary greatly from the ideal in many 
ways, permitting uncontrolled lateral powder movement during 
pressing and causing excessive density variation in the pressed 
compact. 
Three major problems are apparent: 


1, The use of a solid die for pressing compacts with varying sec- 
tion thicknesses results in an ‘average’ die movement which is always 
too great for the thicker section and too small for the thinner section. 

2. The double function of the floating punch, which takes vertical 
pressure on its horizontal face while its vertical face acts as a die, 
presents a very difficult problem. The floating punch movement, 
controlled by its horizontal face, is always greater than the correct 
movement required to give minimum density variation in the por- 
tion of the compact formed by the vertical surface of the punch. 

3. The various types of support used for floating punches rarely 
provide the correct timing, sufficient maximum load, or progressively 
increasing resistance essential to ensure equal density distribution 
within the powder during the pressing operation. 


Suggestions for tooling, designed to solve some of these problems, 
are discussed. 


The compacting of metal powders by explosives by W. T. Montgom- 
ery and H. Thomas (Research and Development Department, 
Imperial Chemical Industries Ltd, Nobel Division, Stevenston, 
Ayrshire). The paper describes a technique developed for compacting 
metal powders by the use of detonating explosives under controlled 
conditions. Aluminium, iron, copper, and steel powders were 
originally compacted by this means into solid cylinders. Graphite 
and other non-metal powders have recently been compacted, and 
modifications have been introduced whereby annular cylinders may 
be formed. This novel technique may find application in cases where 
existing mechanical methods of powder compacting are not ade- 
quate. 
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Aspects of the volume production of green porous bearing compacts by 
M. A. Pound, A. E. 8. Rowley, and J. E. Elliott (Bound Brook 
Bearings Ltd, Lichfield, Staffs). The history and methods of manu- 
facture of self-lubricating porous metal bearings are briefly outlined. 
The importance of achieving appropriate quality at each stage of 
manufacture, and particularly during compacting, is emphasized, 
and the qualities desired in a green bearing compact are detailed. 
Various factors relating to the economic large-scale manufacture of 
green bearing compacts are then considered. The virtues of elemental 
powders and the influence of lubrication upon powder mix proper- 
ties and pressing and ejection of compacts are discussed. The special 
powder-flow problems associated with long, thin-walled bearings and 
the advantage, in this respect, of a moving core rod are described. 
The particular difficulties encountered in compacting such bearings 
are stated, and special consideration is given to the ejection problems 
involved. It is concluded that limitations of bearing length and wall 
section must be accepted. 


The processing of enriched uranium oxide/paraffin wax mixtures by 
L. D. Huckstepp and G. V. Day (Atomic Weapons Research Estab- 
lishment, Aldermaston, Berks). A process for the production of 1-in 
cubes in an inert gas atmosphere, from enriched uranium oxide and 
paraffin wax powder mixtures, is described. A general description of 
the type of equipment used is given and the procedure and safety 
precautions required for handling this type of radioactive material 
are outlined. 


Hot pressing of ceramic powders by A. G. Thomas and H., J. Jones. 
(The Plessey Co. Ltd, Caswell Laboratories, Towcester, Northants). 
The processes involved in the production of dense ceramics from 
powder materials by the simultaneous effect of pressure and heat at 
temperatures above 1 500°C are outlined. The factors leading to the 
choice of this method of fabrication, and the general principles 
involved in hot pressing, are first dealt with, and the advantages and 
disadvantages of the process are then discussed. Current techniques 
are described and their limitations considered. Examples of typical 
applications are given, and possible lines of future development are 
indicated. 


The isostatic pressing, vacuum sintering, and swaging of thorium 
powder by H. Lloyd and A, E. Symonds (Atomic Energy Research 
Establishment, Harwell, Berks). The isostatic pressing of calcium- 
reduced thorium powder into round bars and tubes, before vacuum 
sintering and swaging, is described. The simple equipment allows 
powder filling to be carried out in an enclosed system, thus avoiding 
fire and health hazards at this stage. A number of bars or tubes, of 
varying length and diameter, can be pressed simultaneously. The 
technique has certain advantages over conventional die compacting. 

The effect of pressure on density and hardness through the bar 
section before and after sintering at various temperatures has been 
studied, and the optimum conditions determined for the manufac- 
ture of dense bars with high metal efficiencies (98%). Details are 
given of the microstructure and mechanical properties of thorium 
bars in the sintered, swaged, and annealed conditions. 

The forming of hollow shapes in beryllium by loose sintering and hot 
pressing by A. J. Martin, R. A. Knight, and G. C. Ellis (Atomic 
Weapons Research Establishment, Aldermaston, Berks), Two meth- 
ods for forming shaped bodies in beryllium by powder metallurgy 
are described and compared. The requirements for uniform densifica- 
tion during hot pressing are discussed, and it is concluded that a 
double-pressing method is essential if thin-walled hemispherical 
shapes are required. 


Powder Metallurgy, which appears twice a year, is the official 
organ of the Powder Metallurgy Joint Group. It is obtainable 
by annual subscription at 25s (post free) to non-members; 
members of The Iron and Steel Institute and The Institute of 
Metals may obtain it for an annual fee of 108 (post free). 


Number 9 (September 1960) of the cover-to-cover translation of the Russian journal 
Stal’ has been published and no. 10 (October 1960) should appear early in January. 
Full details of subscriptions to Stal in English are available from the Secretary of The 


Iron and Steel Institute. 
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DISCUSSION ON PAPERS | 









Discussion at meetings 


Written contributions 


Report of the Thirty-ninth Engineers Group Meeting 


The Thirty-ninth Meeting of the Iron and Steel Engineers Growp of The Iron and Steel 
Institute was held on Wednesday and Thursday, 6 and 7 April 1960 at the offices of the 
Institute, 4 Grosvenor Gardens, London SW1. The Chairman of the Group, Mr F. B. 
George, was in the chair. Four papers were presented and discussed during the sessions 
of the Meeting. The papers have already been published in the Journal. The discussions 


are given below. 


Discussion on plate-mill design and layout 


At the first session a paper entitled ‘Some aspects of plate- mill 
design and layout’, by A. Marshall (Consett Iron Co. Ltd), 
which was published in the February 1960 issue of the Journal 
(194, 240-248), was presented by the author. 


Mr Marshall, before presenting his paper, made the following 
correction: ‘In Table I, under the column Algoma, the plate- 
mill speed should be 144 in/min and the slabbing mill screw- 
down should be 190 in/min.’ 


Mr D. D. Ramsay (Colvilles Ltd): The ideal plate mill would be 
one which would roll a plate uniform in cross-section, dead 
flat, clear of all surface blemishes, and able to pass any test 
given it by the inspectors. 

Before we could get a mill of that kind, we would have to 
consider a thing that has not been mentioned today, namely, 
the question of yield. Being an operator, I would say auto- 
matically that I would want an 86% yield from slab to plate 
and 75% at the very minimum from ingot to plate. To get that 
it is almost imperative that all slabs should go cold and be 
flame dressed, thus taking away any chance, or reducing the 
chance, of surface blemish. To do this requires a heating 
furnace that will heat the slabs uniformly at top, bottom, and 
centre, and also produce scale that can be easily removed, 
preferably before the main rolls, to avoid the problem of 
getting rid of rolled-in scale, particularly on the thick plates. 

Automatically our thoughts must turn to output, and I 
would agree wholeheartedly with the Consett figures of about 
10000 tons of finished plates. I would ask for ;*; in to 1} in, 
hoping that the engineers could squeeze in 5% of }-in plate 
capacity. 

So far as the mill itself is concerned, naturally it must be of 
a robust design. It must also be sufficiently fast to get a yield 
of 10000 tons/week, and that being so, the centring gear, 
adjusters, and the speeds of adjustment of the rolls must be of 
fairly high capacity. I should like, if possible, an automatic 
gauging of width from a remote control, automatic gauging of 
plate, high-pressure water sprays to keep the plates clean, and 
rotary shearing to guarantee accurate shearing; also automatic 
marking, a process that is not confidently employed in the 
UK, and automatic branding, stamping, and stencilling of 
plates. 


Mr T. Goxon (Consett Iron Co. Ltd): When we considered these 
extensions at Consett, there was, of course, a considerable 
increase in demand in power. We have our own power station 
with a capacity of 45 mW, and we had to decide whether or not 
to extend the station or bring in the supply from the North 
Eastern Electricity Board. The overall economics indicated 
that it would be cheaper in capital and in running costs to 
bring in a supply from the board. Had we extended our own 
station for a mill of this kind we would have gone in for the 
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orthodox Ilgner drive, but the bringing in of a supply opened 
up the possibility of a rectifier drive. 

In the UK at the time the decision was taken there were no 
rectifier fed reversing mills in operation; the earliest unit to go 
into production was a 750-hp mill scheduled to roll at the end 
of 1958. The Consett mill with a cut-out of something like 
30000 hp was a totally different problem, and hitherto the 
generating boards have fought shy of such loads because of the 
voltage dip associated with heavy peak loads. In the case of 
the reversing mill drive supply from the Ilgner set, these are 
absorbed by the flywheel. With rectifiers the power peaks are 
transmitted directly on to the line; further, when the piece 
enters the mill it is necessary to take the power at low voltage: 
this means a very low power factor on the rectifier which 
increases the voltage dip for the given load. It is also a problem 
of harmonics. When connecting a large capacity of rectifier 
equipment care must be taken to ensure that the harmonics 
introduced into the ac system are not excessive. In the early 
days of the application of rectifiers trouble was experienced 
and equipment had to be modified. When this problem was 
put to the North Eastern Electxicity Board they were most 
helpful, and since 1958 we have had many discussions with 
them and also with the Central Electricity Generating Board. 
Eventually it was decided that this particular application 
from rectifiers was acceptable, and so we are putting in the 
first large twin-drive reversing mill for rectifiers in the UK. 


Mr J. Dodd (Appleby-Frodingham Steel Company): The first 
question I should like to ask is whether 500000 tons is to be got 
in the first phase, with the single-stand mill, or whether it is in 
a year or two’s time when the roughing mill is added. If it is 
now, what sort of slab weights are contemplated? I think that 
if the proportion is of any size at all, then 10000 tons/week is 
optimistic if it is expected in the first phase. 

Mr Marshall mentioned the slab-scarfing train. Does this 
mean hot scarfing in the mill train? With regard to the de- 
scaling box, he mentioned that there are three header pipes 
to cater for variation in thickness. Has thought been given to 
heaving one header pipe of variable height to cater for different 
thicknesses, and if so, has the idea been rejected? 

Mr Marshall did not mention the position from which the 
mill is to be controlled. I suppose that this matter will arise on 
the later papers on control generally, but where is the control 
in relation to the mill, and how many men are intended to 
drive it? 

In his reference to shear bow, I think Mr Marshall said that 
the rocking-type shear is not much better than the inclined 
blade but my experience is that shear-bow is a good deal less 
from the rocking blade. 

Press-quenching is a term with which I am not familiar, and 
I should like to know more about it. 


















Mr Marshall: In reply to the question about what our antici- 
pated outputs from this mill will be, we realize as well as 
Mr Dodd that 10000 tons/week on a single-stand mill is a large 
amount of plate. If it were possible to predict to our manage- 
ment the order book position when work on this mill is started, 
we could say whether we are going to roll 10000 tons/week. It 
is possible to roll this quantity on a single-stand mill provided 
that the order book is right. 

With regard to the average slab weight, we are anticipating 
an average of about 3 tons. 

On slab-scarfing, we are primarily thinking of the 20-ton 
semi-portal slab-scarfing crane for the purpose of turning over 
single slabs and also for the saving of overhead crane usage. 
This mill will be rolling in August 1960, but there are still one 
or two small problems that we have to solve, and we are not 
quite convinced that there is a first-class scarfing machine 
available. We have discussed and looked at one or two different 
types of machines, and will be looking at another in about 
three weeks’ time. So the answer is that at the moment it will 
be hand-scarfing, but possibly we will buy an automatic 
scarfing machine. 

With regard to the scaling box, we did consider one header, 
but this would have meant putting telescopic glands on the 
outside of the box, and this we did not like. Therefore, we 
decided that we would go ahead with three separate header 
pipes for the three slab thickness ranges. If we find that we do 
not get good results from this, we can always come back to a 
single header. 

I omitted a description of the position of the mill control 
pulpit. The desks will be arranged so that the operators will 
be looking at the mill as shown in Fig.A. Whether we operate 
the mill with one or two men is a question that is open to a 
great deal of debate. My own opinion is that there is too much 
work for one man in this pulpit, but no firm decision has been 
taken yet. I think that we will start with two men, but the 
control desk will be so arranged that it will be possible to go 
on to one-man control. 

I am still not convinced that the claims of the manufacturers 
for the rocking-type shear are 100% trustworthy, but I 
do go part of the way with them. I think I said that the shear- 
bow is less —- how much though, I would not like to guarantee; 
but even on the installations that we have seen with these 
rocking shears, we still find that occasionally men must be 
employed to guide the scrap into the shears. 

With regard to press-quenching, this is for the treatment of 
special steels, and involves a machine which has a great 
number of platens top and bottom which come down on the 
under-side and the top of the plate to hold it in position while 
the temperature is rapidly reduced from 900° to about 250°C. 


The Chairman: The reason we decided to go ahead with press- 
quenching was that we felt, in putting in this mill, that we 
should try to anticipate customers’ requirements as well as 
look after those that we knew existed. Our feeling is that the 
demand for special types of steel will have a tendency to 
increase, as will the demand for heat-treated large plates. Of 
course, this press-quenching equipment is rather similar to the 
plants which were used during the war for heat-treatment of 
tank armour plating. 


Dr W. 8. Walker (Round Oak Steel Works Ltd): With regard 
to fuel economy, this plant lies three-quarters of a mile from 
the melting shops. Is it the intention to transport the ingots in 
some form of insulated containers? Also is it intended to shift 
the ingots by road? 

The finishing bay area is given as 10 ft*/ton week output. 
This strikes me as being a little small, particularly if it is com- 
pared with some of the other mills. Is it intended to warehouse 
the plates in this area awaiting shipping instructions etc? 

Finally, has consideration been given to the installation of 
data recording in the plant so that there is complete, auto- 
matic work study being thrown up every day? 


Mr Marshall: With regard to the transporting of ingots, in the 
first phase there will be no ingots used on the plate mill. What 
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A_ Position of mill control pulpit showing operators’ sight line 


I had in mind in connexion with the road transport was that 
we did consider transporting all our slabs from the present 
slabbing mill by road to this plate mill. Again, there are differ- 
ences of opinion on this, but we feel that our economics are 
such that it would be cheaper to transport by rail so far as the 
first stage is concerned. So far as the second stage is concerned, 
that has not quite been established, but I think that if we do go 
ahead with ingot rolling on the plate mill, some form of closed 
containers must be used. 

With regard to the finishing bay area, I do not know of any 
operator who says that he has got enough room. We thought 
we had been very liberal on this finishing bay area, and we 
think that by the installation of the portal cranes we will 
save a great deal of floor area, although this remains to be 
proved. 

On the question of fuel economy, we obviously cannot treat 
this plant on its own. It has to be considered in conjunction 
with the steam and fuel balance for the rest of the works. 
Because the site was isolated, it meant that even if we had had 
the gas available to feed to these furnaces, we would have been 
faced with quite a high capital expenditure for gas mains etc. 

We also looked into the question of straight comparison of 
capital costs between oil-firing and mixed gas-firing, and found 
it was cheaper for us to put in oil-firing equipment. Against all 
that, we found on the fuel balances that we took out for the 
rest of the works, that we would not have had sufficient gas 
available to run these furnaces. Therefore, we went ahead 
exclusively with the use of fuel oil. 


The Chairman: These questions of gas balances are, unfor- 
tunately, changing almost every hour now. With the old con- 
ventional ideas before we started oxygen steelmaking, one 
could more or less make up one’s mind what the balance was, 
but the way things are going now it is almost impossible to 
determine from day to day and almost from hour to hour what 
the figure is going to be. Therefore, as this was an independent 
site, we said that we would fuel it independently. 

With regard to the loading bay, it may not have been notice- 
able in the layout that there is quite a substantial area in 
which the loading bay may be extended, but I do not want 
Mr Fraser or Mr Henderson to feel hurt when I say that my 
experience of plate mill loading bay stocktakers is that if you 
give them 100 square miles, they will cover it with plates! I 
always feel that the right place for plates is in the wagons. 


Mr R. Jamieson (Colvilles Ltd): With reference to roll changing, 
Mr Marshall has adopted a sledge change for work rolls and a 
narrow window design, due, he says, to available housing cast- 
ing weight, although in the paper he states a preference for 
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nested chocks. Was the housing weight the determining factor 
or were there others? 

With regard to the heat balance, did Mr Marshall consider 
the question of hot cooling on the skid furnaces in view of the 
amount of heat which can be regained? 


Mr Marshall: With regard to housing weight, I did say in the 
paper that I preferred the nested chock design, The reason is 
because it would be possible to introduce small rams between 
the two chocks, which one cannot do with the parallel width 
chocks. The reason we could not go to the nested chock design 
was because we were restricted in the housing weight. There 
are a number of people who have different ideas on roll chang- 
ing; but we have changed rolls on our slabbing mill for a long 
time now with the bogie arrangement, and we have had very 
good service from it. My own opinion is that one can change 
rolls as fast with a bogie as with a porter-bar. 

On the question of steam raising, we did consider this. 
There is no doubt in my mind that steam raising on the slab 
furnace skids can be very economical. Had we had a very large 
steam requirement on the site, then I think we would have 
given it a little more serious consideration, but I am always of 
the opinion that it pays to keep the back door open, and there 
is no reason at all why such a furnace cannot be converted. I 
am sure that in the early stages the operators will not like this 
question of steam raising, because in fact it then becomes a 
boiler and is subject to annual inspection, but I do not think 
that is insurmountable, because there are many plants which 
are operating on this principle on the Continent. 


Mr Fraser (Consett Iron Co. Ltd): I should like to refer again 
to one feature of our mill that involves roll check design. We 
will roll floor plate on a mill located some 150 to 200 ft from 
the main stand and are a little worried about temperature as 
we are not sure about the maximum length floor plate we can 
roll to ensure a good pattern. Thus we may be forced to use a 
very small slab for floor plate rolling, and we had to provide for 
closer centres between the mill and feed rollers than is usual on 
most plate mills. This meant that we had to abandon the 
nested chock design which otherwise we would have considered 
to be most desirable. 


The Chairman: This question of steam raising on the slabbing 
furnaces comes back again to the heat balance in an integrated 
works. It is pleasant, of course, in the OH shop, for instance, 
to say that one has an attractive steam credit from the waste 
heat boilers, but it is not much of a credit if one has no use for 
the steam. That, of course, is one of the difficulties. Anyone 
who is contemplating one of the new oxygen steelmaking pro- 
cesses, particularly the straight LD, will find that he has a 
difficult problem there. One is bound to cool the gases in order 
to have an efficient gas-cleaning, fume-cleaning plant, and in 
the process one raises such an enormous amount of steam that 
for a period one might be able to close down the whole power 
station. It is one of those problems which is not only difficult in 
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itself, but is very difficult to control. There are very big peaks 
on the waste heat boilers of an LD plant, which make it 
necessary to fire the boiler in order to keep a reasonably 
uniform load on it. In an integrated works requiring the sort of 
output of steel that a large LD plant will give, one really has 
a position where one does not need any other steam raiser in 
the works. 


Mr J. M. Borland (Colvilles Ltd): Could Mr Marshall say what 
angle of blade in a conventional shear would give the equival- 
ent of a rocking shear? Also, what is the estimated frequency of 
roll changing? Finally, how are the crane rails fixed to the 
gantry? 


Mr Marshall: The first question is one that I would not like to 
answer; it is one for the designers. As to the frequency of roll 
change, it will be twice, or possibly three times a week. 


Mr Fraser: It will be more often than that. 


Mr Marshall: Finally, we have fixed the crane rails in the gantry 
as shown in Fig. B. 


Mr J. ©. Gordon (Colvilles Ltd): What length of plate can be 
made effectively out of a mill of the type described? Mr 
Marshall has taken 90 ft as the maximum. Is this his view as to 
the raaximum length of plate that can be taken from a plate 
mill of this kind? 

There have been built into the plate mill two very elaborate 
shearing lines, both capable of 8000 tons/week. Is it possible to 
schedule the mill in such a way as to keep these two lines 
reasonably occupied? 


Mr Marshall: Mr Fraser will probably answer the question, but 
there is one point I should like to make, It is that in laying out 
this mill and in designing these two shearing lines, we have our 
sights on targets ahead of 10000 tons. Otherwise we would not 
have considered putting behind this 132-in mill a 160-in 
stand. 


Mr Fraser: In answer to the first question regarding maximum 
plate lengths, this was determineg not only by the mill but 
also by the need to transfer the rolled plate across the building. 
Our columns are on 100-ft centres so we have settled on 90 ft as 
a reasonable maximum rolling length. Possibly the mill could 
roll to 120 ft or more on some sizes. 

Regarding the shearing lines; our rotary line will handle 
anything up to } in in thickness and our heavy line anything 
up to 1} in. In fact, about 80% of our current order book is 
made up to plates } in or less in thickness, thus there is little 
doubt that the actual split to the two lines will be determined 
by minute-by-minute conditions to attain maximum through- 
put. 

Another aspect of reported impressive throughputs of fully 
mechanized shearing lines is that we are perhaps inclined to 
overlook cross-cutting requirements. I can think of one 
American mill which has a very impressive throughput for a 












nat 
al- 
of 
the 


to 
oll 


try 


}to 
ate 


ate 
} to 


rut 
rut 


10t 
-in 


ut 
ng. 
J as 
ald 


dle 
ing 
: is 
tle 
ed 
zh- 





single shearing line but in fact something like 40% of their mill 
output is directed to a single repetitive order in 40-ft lengths. 

In our case, about 56% by number of all the plates that we 
sell are 8 ft or less in length. The throughput of a shearing line 
is governed by the number of cross-cuts involved. 

On the question of manning we propose in the beginning to 
man only the heavy line until it has become an obvious bottle- 
neck, then the light line will be brought into use. 


Mr Dodd: I would say that the handling and loading of scrap is 
a bigger problem than the handling and loading of plate. The 
quantity is smaller, but it takes more looking after, moving 
about, and disposing of than the plate itself. I think it is time 
that the designers catered for scrap disposal by some means 
that do not ultimately depend on an overhead crane for mov- 
ing it. We have a fairly modern system of cutting it into small 
pieces and conveying it by various means into scrap boxes 
which do not appear to have the capacity for which they were 
designed, but which ultimately have to be picked up by over- 
head cranes and tipped into something. I would like to see the 
scrap chopped up into small pieces and taken off by some 
means outside the mill building so that we do not have to 
depend on plate loading cranes to load scrap. 


Mr T. Harris (Colvilles Ltd): I should like to ask about some of 
the features that are being incorporated in the Consett Plate 
Mill. First, with regard to the descaling box, Mr Marshall 
states that there is one functioning on the Continent. Does he 
know whether it is handling alloy steel slabs? If so, is it effi- 
cient in removing the scale from the alloy slabs which are more 
difficult to descale than plain carbon steel slabs? Have any spe- 
cial provisions been made for dealing with the alloy steel 
slabs, as obviously there will be such slabs in view of the 
quench press? Further, has a flame-cutting set-up been in- 
corporated in the flow line to deal with the thicker plates? 

Finally, Mr George claimed that he was very niggardly with 
money, but he appears to have been more than generous as 
regards slab heating facilities. Are there two continuous 
furnaces of 100 tons/h capacity in addition to the two electric 
soaking pits? 


Mr Marshall: On the question of the plant on the Continent 
rolling alloy slabs, the answer is ‘no’. So far as the treatment 
on our mill is concerned, we will be putting in cooling pits for 
this material. In connexion with the thicker plates, there is 
quite a big area laid out for automatic machine cutting of the 
plates immediately to the left of the cooling beds. 

With regard to slab heating, we are starting with two 100- 
ton continuous furnaces, with electric soaking pits additional. 
The soaking pits were primarily put in to handle the thicker 
slabs which we contend cannot be handled efficiently through 
continuous furnaces, and which will be, in our case, from 10 in 
upwards. Those pits will give us about 2800 to 3000 tons/week 
additional heating capacity. 


A Member: I should like to ask Mr Marshall what he considers 
to be the ideal balance of slab stocks. Also, is it intended to 
identify each slab against specific plate orders? Does he see any 
virtue in the weighing of slabs after dressing? Is it intended to 
mark the plate by using a marking machine? After marking 
with this machine, where is it intended to brand, stamp, and 
paint the plates? To ease the loading bank problem of handling 
plates, is it intended to schedule the mill by customers’ orders? 


Mr Fraser: Concerning slab storage for our planned output, 
7000-8 000 tons of slab stock is adequate. The bulk of our slab 
storage will be out of doors with handling done by a 40000-lb 
capacity fork-lift truck. 

Concerning slab identification, we do not propose to change 
our present system wherein each slab as it traverses the slab- 
bing-mill transfer bank is hot stamped by a pneumatic 
stamper. 

Concerning scheduling by customer and the building up of 
ordered plates into rolling plates, wedo not propose basically to 
change our existing system wherein we segregate orders, as 
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forwarded to us by our plate order department, into qualities, 
then within qualities into thicknesses, and within thicknesses 
into widths, and so on; and then strive to build up rolling plates 
to the maximum dimensions that the mill can handle. This 
frequently involves the combining of several customers on a 
single rolling plate. 

Slabs are ordered to suit these built-up rolling plates but in 
fact about 20% of the slabs arising at the slabbing mill (so- 
called back-end slabs) are of unknown length before the actual 
shearing of the rolled ingot. In these cases the build-up of 
plates must be done to conform to an existing slab. 

We schedule orders on a weekly basis and, provided that 
scheduled orders are rolled and delivered on time, there seems 
to be no point in securing complete customer orders in se- 
quence at the expense of mill yield. We firmly believe that to 
operate the mill efficiently and achieve acceptable yields we 
must combine orders into maximum size slabs, 

I do not see any particular purpose in weighing slabs. We 
know from periodic check-weighings what our deseaming and 
other losses are. 

On the question of plate stamping I wish that someone 
would invent a satisfactory machine to do that job. To date no 
one to my knowledge has devised anything better than a box 
of hand stamps. 

We are at the moment working on a scheme of our own in 
this connexion but it has not yet been given a trial. 


Mr R. G. Atkinson (Dollery and Palmer Ltd): There are one or 
two points I should like to raise. The first is on the question of 
slab storage being out of doors. Is that deliberate or acci- 
dental? Would there be any saving in the later conditioning of 
the slabs by having them under cover, or are the economics of 
providing this cover such that it is not worth while? 

With regard to the searfing of slabs, Mr Marshall mentioned 
that there is a 20-ton crane provided for slab turning, and I am 
wondering if the problem of turning over slabs presented any 
difficulties, and what method was finally decided upon. 

On the mill itself, there are individually driven rollers, and I 
should be interested to learn whether the method of rolling is 
such that it is necessary to turn the slab both on the ingoing 
and on the outgoing side, and if so, whether conical rollers 
running in opposite directions are provided for this purpose. A 
Continental plate mill uses this method on the outgoing side 
but was provided in front of the mill stand with three disap- 
pearing dogs. In view of the Continental practice of providing 
rotary slitting shears with blades of the same diameter, what 
considerations led Mr Marshall to decide upon using a machine 
having a larger bottom blade and a smaller top blade? 


Mr Marshall: This question of slab storage was partly decided 
on the grounds of economy. 

On the question of scarfing of slabs, we did consider putting 
in a crane which would pick the slabs up and turn them over 
mechanically, but the cost was so great that we rejected the 
idea straightaway. We then arrived at the conclusion that the 
cheapest way was to put in an ordinary conventional semi- 
portal crane with a fixed mast which could pick up the slabs on 
edge with the magnet and just turn them over. We think that 
is simple and efficient. 

With regard to turning on the mill, we have turning on both 
sides, by means of conical rollers. 

With regard to rotary shears, I think the answer is that in 
America they say that it is right to have the small and the 
large blade. All this comes back to the question of edge con- 
dition. The Americans claim that one gets a better edge with 
the small and large blades. The Continental people say that 
one gets a better edge with equal blades. I do not know which 
is right, but I think there is very little difference. 


WRITTEN CONTRIBUTION 


Mr H. R. Mills (BISRA) wrote: I was interested to learn from 
Mr Marshall's paper that the speed of shearing of plates was 
likely to be governed by the speed at which they could be 
marked out. I wonder, however, whether the introduction of 
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automatic marking by machine is the right way of overcoming 

At present the shearing of plates to size is carried out in two 
separate stages. The first stage is for the marker to read 
written instructions on the card or other document pertaining 
to the plate and to mark cutting lines or guide lines for the 
shear operator to follow. He does all the interpreting of 
instructions and actual measuring out. The shear operator 
merely has to use the guide lines on the plate to guide his 
actual cutting operation. 

When we get to the stage, however, where marking out by 
hand is too slow and we have to have a marking machine 
which draws the lines automatically, we have to solve one of 
two position control problems. Either the marking head of the 
machine must be set to draw a line in a required position, or the 
plate itself must be moved to a required position underneath 


Discussion on the modern plate mill 


At the second session the paper ‘The modern plate mill’ 
by M. F. Dowding, C. Sturdy, and A. A. Thomas (all of 
Davy and United Engineering Co. Ltd), which was published 
in the April 1960 issue of the Journal (194, 486-494), was 
presented by the authors. 


Mr M. F. Dowding: It is the policy of our company to propose 
rolling mills based on production requirements; we like steel- 
makers to say what they want to make and we then try tu 
propose a mill and equipment to produce the end-product 
desired. Three or four years ago Mr Cartwright and I wrote 
@ paper for the South American Symposium on Rolling, and 
Mr Cartwright said: ‘You must realize that flat rolling means 
reducing a thick piece of steel into a very thin piece. It is a 
metallurgical problem; let us get the metallurgical answer 
right and then see what equipment is needed. 


Mr A. A. Thomas outlined the contents of the paper and 
invited Mr Sturdy to comment on the question of work roll and 
back-up diameters now being installed’. 


Mr CG. Sturdy: Table I gives particulars of a few fairly recent 
mills which are in operation or on the drawing-board. For the 
early roughing passes on a slab a large work roll is needed to 
ensure a reasonable angle of bite whilst the drafting is heavy, 
whereas during the finishing passes a smaller work roll is 
advantageous particularly for finishing thin plates. Single 
stand plate works which have to rough and finish on the same 
pair of rolls generally employ the larger work rolls. With 
regard to back-up sizes, the first two mills listed are rather old; 
the present trend is to increase the back-up size to give better 
shape and stiffness. 

On the subject of roll balance, the essential feature is that all 
the bearing clearances and mill clearances should be taken up. 
The various possible configurations are shown in Fig.2. On 
plate mills there is the problem of getting the breast rolls close 
up to the mill, and this requirement influenced greatly the 
design of the roll assemblies. It is important with reversing 
plate mills that the balance pressure should be applied equally 
to the top and bottom roll sets, to ensure that slippage between 
work and back-up rolls does not occur on reversal. 

Some screwdown speeds are given in Table III; some 
plate mills had higher speeds on the roughing mill. These 
higher speeds require larger motors with consequent increase 
in inertia, and on normal pass changes the response time of the 
higher speed screwdown showed no gain over a lower speed 
system. 

Mill tables should be of the alternate conical type. They are 
close pitch, about 224 in, so that with the conventional line- 
shaft drive it was necessary to put a drive on each side of the 
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the stationary marking head. The job of the marker is to make 
the machine or the plate take up the required positions in 
accordance with his written instructions. 

Once we have learned how to control a marking machine in 
this manner it is scarcely more difficult to control the shear in 
@ similar manner. In practice, of course, it is probably the 
position of the plate under a stationary shear that would be 
controlled. I am suggesting, therefore, that rather than try to 
solve the problem of position control of a marking machine, 
we should go the whole way and attempt to control the posi- 
tion of a plate under a shear using similar techniques. It would 
be just as easy for the shear operator to work from his written 
instructions as it is for the marker to do so. The marking 
machine then becomes quite unnecessary and the only mark- 
ing out which would have to be done would be hand marking 
out of sketch plates. 


table, driving alternate rollers. Tables are being built for 
Consett with an individual motor on each roller. This elimin- 
ates all gearing and results in an extremely simple table con- 
struction, fabricated from thick slab. There is hardly any 
difference in cost between the two designs and therefore 
individual motor drive has been preferred on account of 
reduced maintenance. 

The essential requirements for breast rollers are close pitch 
and close proximity of the first roller to the mill. In some older 
designs chain drives are used or a multiple-spur idler system. 
Neither of these is ideal for handling heavy slabs, and indi- 
vidual drive for each roller through gear couplings is prefer- 
able. The roller is mounted in self-aligning bearings and there 
are seals to keep out scale and water. Any that gets round 
the back is channelled in a special way and washed away, so 
that this is a relatively scale-free job. 

To change a roll the whole roll assembly can be easily lifted 
out. The solid-mounted type has also been very successful. We 
will have to wait and see which of the two types, solid- 
mounted or spring-mounted, is better in the long run. 


Mr Thomas: Have you any comments on yields which can 
be expected from plate mills which are operating today? 


Mr Dowding: We heard this morning from Mr Ramsay 
that this is a fairly controversial subject. It is on a continuous 
strip mill that the highest yield can be obtained, but there is a 
very strict limitation on the width; no mill in Europe is wider 
than 80 in, so the widest plate is 74 in. Also, it is necessary to 
have an order book which lends itself to continuous strip mill 
operation, and perhaps it is easier to achieve this at the 
narrower widths. 

The yields which we give were obtained by a team going 
round the world. On this journey, which took place about two 
years ago, we learned far more in Europe than in the USA. We 
knew that many new mills were projected in this country, and 
felt that we ought to know something about plate mills and 
their operation. We visited a number of plants in Holland, 
Germany, and the USA, and the figures which we obtained are 
given in Table IV of our paper. When the new plants, which 
are not yet in operation, but have all the features recommended 
from these investigations, and also some recommended by 
other workers, are in operation we may well get the yields 
asked for by Mr Ramsay during the first session. 


Mr Sturdy: The typical plate mill layout shown in Fig.7 is a 
good example. There are thousands of possibilities, depend- 
ing on what you want to roll, the nature of the site, how much 
money is available, and many other factors. 

Figure 7 does not show the provision made to side-track a 
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plate to practise controlled finishing temperature rolling. The 
maximum length which can be dealt with is 120 ft, and, to 
make it reasonably easy to handle at the finishing end, the 
plate can be divided by a hot plate shear. Before the cooling 
banks a hot leveller is required. There are as many cooling 
banks as required for the output, preferably of the cast-iron 
grid type, which gives better cooling and a flatter plate. There 
are turnover arms for inspection purposes. From this point 
the flow is split; light plates, up to } in, go down the light 
shearing line and the others down the heavy shearing line, and 
are then piled. If 20% of the plate is reduced to scrap it is 
necessary to have efficient scrap-handling, and the plate shears 
therefore have automatic scrap chopping equipment, and the 
scrap is placed automatically in buckets or even melting shop 
changing boxes. In the layout shown it wov'd be possible to 
arrange for three bays, the centre bay being purely for scrap 
handling. 


Mr Thomas: In addition, there are a few further points on 
which we should like to comment. We have said in the paper 
that there are three ways of scale-breaking; the descaling box 
with high-pressure water jets, the heavy edger, and the two- 
high mill. At first sight the descaling box might be thought 
inadequate for descaling duty, but at Oberhausen it is used on 
the 132-in plate mill and two of the mills that we are currently 
building have this descaling provision. On the other hand, the 
two-high mill as a scale-breaker has the advantage that it can 
also do work and even assist in broadsiding. Although a strip 
mill is using edgers for scale-breaking, on plate mills the 
limited duty which they can perform probably does not 
justify the capital cost involved. We recommend, therefore, 
that provision be made at least for a two-high mill. Failing 
this, a descaling box will be sufficient. 

On the mill itself a major question is the selection of roll- 
neck bearings. The selection should be roller bearings for the 
work rolls and Morgoil bearings for the back-up rolls. The 
former were more expensive in initial cost even when lubrication 
systems were taken into account, and their running cost was 
greater, since the complete bearing had to be replaced when 
wear occurred, and during its life, accuracy became pro- 
gressively worse and load-carrying capacity at high speed fell 
off markedly compared with the Morgoil bearings. The latter 
can be designed to have a larger capacity at all speeds than the 
roller bearing with a given space limitation. 

We have discussed plant to deal with plates of 2 in or less. 
There is, however, an increasing demand for thicker plates 
than this, and the problems of handling these have not been 
fully dealt with. So far as hot levelling is concerned, any 
leveller to deal with a plate of more than 4 in thick is bound to 
be as expensive as a mill stand, and even up to this thickness a 
hot leveller must be a compromise if it has also to deal with the 
lighter products. Any plate over 2 in thick must be cut in a 
separate bay with oxygen cutting torches, because the cutting 
is a slow process and the plates cannot be cut in the production 
line. At Luken’s the flame-cutting rate is speeded up by using 
higher gas pressure. British Oxygen are carrying out research 
on this. 


Mr N. Hanion (Dorman Long (Steel) Ltd): Referring to the 
mill stand proper, I am sure most of us appreciate the careful 
thought suppliers put into their mills, and he would be a bold 
man who would be prepared to state that one design was so 
much better than another. To my mind it is a matter of cost. 
In this connexion, would the authors give us some indication 
of the cost of complete plants for rolling steel plates, say on the 
basis of cost per annual ton? Would they also enlarge on their 
statement that there is no difference in first cost between 
shaft-driven roller racks and individually motorized rollers? 
How do the power consumptions compare? 

They recommend two shear lines, one for light and the other 
for heavy plates. I agree with their recommendation for 
rotary shear lines even though their use can affect yield to a 
certain extent, but I should be interested to hear their com- 
ments on the merits of the ‘large and small’ blade design as 
compared to the ‘equal blade’ design. Referring to the heavy 
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shear line proposals, are the authors adamant in their recom- 
mendations or are they merely following fashion? In many 
mills the light plate demand is around 55-60% and more, and 
the demand for plates thicker than 14 in is increasing. As the 
upper shearing limit has been set at about 14 in for the rocking 
blade shears, above that limit flame burning being advocated, 
would it be a proposition to insert fast burning equipment in 
place of the shears in the heavy shearing line? The provision of 
cheaper oxygen at steelworks may also have an influence on 
this decision. 

Beyond the shears, of course, the real difficulties start for 
the management personnel in the sorting of orders. Most mill 
designers seem to be so busy dealing with the intricacies of 
breast roll drives etc., that they are exhausted by the time 
they reach the final shears. It was, of course, the same with 
section mills for many years. At Dorman Long we have at 
least tackled the problem on our medium section mill and 
beam mill, and we have had a fair measure of success in sorting 
orders on the run. I know of only two Continental plate mills 
where the problem has been tackled, and of these only one 
seems to have the courage, or the money, to insert a fairly 
good arrangement. I should be interested to hear the authors’ 
views on these matters. 

We have heard that we should install four-high mills to 
give a good flat plate, and then the best of cooling bed equip- 
ment to keep the plates flat, and then to round off the installa- 
tion we are recommended to put these lovely flat plates 
through a first-class cold plate leveller. Why is this so? 


Mr Thomas: So far as the cost of the complete plate- 
rolling plant is concerned, including buildings, electrics, 
furnaces, and services, it is difficult to be exact, because so 
much depends on the degree of mechanization adopted, 
whether or not there is a separate slabbing mill, and so on; but 
for all the plate-rolling part of the plant between £20 and £30 
per annual ton is about the figure. So far as the rolling tables 
are concerned, individually driven v. line-shaft driven, the 
main tables on a heavy plate mill together with their electrics 
are worth about £250000. Of that we can say that about 75% 
is for mechanical equipment and 25% for electrical equipment 
in the case of line-shaft-driven equipment. For a design with 
individual drive the cost still comes to about £250000, in fact, 
on one of the plants which we are building at the present time 
I think that the individual drive comes out a little cheaper, 
and of that sum 40-50% is for the mechanical equipment and 
the remaining 50-60% for the electrical equipment. So far as 
power consumption is concerned, we would expect it to be 
about the same in each case. 


Mr Sturdy: For rotary shears we prefer the smaller top 
blade. We find with this type of shear that the top blade takes 
about 70% of the cut, the large bottom blade acting as an 
anvil. With the smaller blade there is a lower blade load, 
which we believe gives a better finished edge. 

On the question of burning plates in the line, I think that 
for side cutting, burning would be quite good. With the 
ordinary shear it is necessary to take a number of bites when 
side cutting, so that burning will have some advantage if it 
can be fairly fast. I do not think that cross-cutting can be 
done by burning as fast as it can be done by shearing. 

With regard to sorting on the run, we can develop these 
ideas only if operators will tell us what they want. If you tell 
us what you want to sort and how you want to sort it we shall 
devise a scheme to do it, but up to now that problem has not 
been put to us. 


Mr Dowding: The question of the rocking blade shear 
has caused a good deal of discussion over the period during 
which these mills were being developed. Let us be quite fair. 
The decision was not made on our recommendation; the deci- 
sion was made on the recommendation of the team of engineers 
and operators from the steelworks buying the mill, who went 
round the Continent and then met us. We told them that the 
rocking blade shear would cost more than the guillotine, 
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but they decided to buy the more expensive shear. The only 
people who have them in operation did not buy them from us, 
but the machines at Appleby-Frodingham are very similar. 
Perhaps we can have someone at Appleby-Frodingham give 
some indication of whether or not they are satisfied with the 
operation of their rocking shears. which I have seen in opera- 
tion and which impressed me very much. Such an indication 
would be extremely valuable for people who are on the edge of 
the same decision. The rocking blade shears that I saw at 
Appleby-Frodingham produced a very flat plate. Before that 
they used an ordinary guillotine shear, and they may be able 
to tell us whether or not they have had as much improvement 
as the price appears to indicate that they should have. 


The Chairman: It seems to me that there is one point which 
tends to be overlooked on the question of the two shear lines, 
the heavy and the light. It is obvious that there are more light 
plates per ton than heavy plates. A light shearing line can 
shear light plates but not heavy plates, while the heavy 
shearing line can shear both thin and thick, within reason. If, 
therefore, we put in only a light shearing line we cannot tackle 
the heavy plates, but if we are rolling a higher proportion of 
light than of heavy plates we can shear them on both the light 
line and the heavy line. That seems to be a point which has not 
been fully appreciated. We must have a heavy line unless we 
are going to gas-cut everything above } in, which with the 
present speeds of gas-cutting would be very difficult to do. If, 
however, we have a heavy line, it can deal with any over-plus 
of light plates. 


Mr J. M. Borland (Colvilles Ltd): Figure 2 shows alternative 
roll balance systems and Figs.5 and 6, two feed roller systems. 
In each case would the authors tell us what they recommend 
and the reasoning behind it? On the heavy shearing line in 
Fig.7 there are two cross-cutting shears beyond the side trim- 
ming shears. What is the reason for this? 

At the earlier discussion I asked what blade angle on a con- 
ventional shear would give cutting results equivalent to the 
rocking blade shear. Would the authors please give their views 
on this point? 


Mr Sturdy: The ideal chock is not shown in Fig.2. This is tied 
up with space and keeping the balance pressures down. We 
should try to keep the balance of the top chock pushing down- 
wards. It really means a compromise between nos,3 and 4 in 
Fig.2. For the breast rollers we want individual drives; we 
want to get away from chains and gears wherever possible. 
Whether it is better to use spring mountings or solid mountings 
we have not yet enough experience to say, but we know that 
both work. 

The blade angle on the rocking shear is 2°, rising to nearly 
3° in the middle of the cut, which is about | in 28. 


Mr W. Graig (Davy and United Engineering Co. Ltd): Two 
cross-cut shears are necessary to cope with the output of a 
modern plate plant. The first cross cut on the light line is to 
make a square end for entering the rotary trimmer. 

Two cross-cut shears on the heavy line are installed to insure 
against any hold-up in production. Test pieces will be taken off 
on the first shear and a certain amount of preliminary cutting 
can also be done here. The second shear will cut to order. 
Alternatively, cut to length plates can be taken off at either 
shear as found convenient. 


Mr R. Jamieson (Colvilles Ltd): In tests carried out with a 
conventional shear with a blade angle of 1 in 28 (2° 5’) we 
produced shear bow of something less than 1 in with various 
widths; the figures ranged from § in to 1 in, and in all cases 
seemed less than the figures shown for the minimum with the 
rocking blade. Mr Sturdy referred to a range of 2-3° of cut 
angles, but during the action of the shear there is an almost 
static position of blade angle and I should like to know what 
that is. That may answer the original question of what is the 
blade angle. 
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Mr Dowding: The best plan would be to look at the 
figures produced by the people who designed the shears. The 
Schloemann shears at Appleby-Frodingham are of very much 
the same design. They say that the standard angle (the one 
now being asked for) throughout the cut is 3°. They argue that 
the shear bow is not a function of the angle at which the blade 
cuts but a function of the amount of overlap between the 
blades that occurs during the cut, and that is markedly smaller 
on the rocking blade shear than on the guillotine shear. I again 
appeal to anyone from Appleby-Frodingham, where both 
types have been used, to tell us what has been the effect of the 
change from one type to the other. 


Mr J. Dodd (Appleby-Frodingham Steel Co.): I said at the 
earlier discussion that our experience with this type of shear 
was that we did not get much shear bow, but we did not get a 
large amount before that, except with the dolly shears, where 
we got a bow either on the scrap or on the piece, whichever was 
unsupported. I think that Mr Dowding has made a good point 
in saying that it is a question of the overlap or dip. With the 
conventional blade the dip is quite severe, perhaps | ft, but 
with this rocking blade I do not think that it goes down more 
than 2 in. 

I have never understood that shear bow was the factor in 
making a decision between the conventional blade and the 
rocking type, and I am puzzled by the constant reference to 
the cost of this type of shear. I am not an engineer and I do 
not know the difference in cost between the two types; but I 
remember being taken two or three years ago to Genoa to see 
a rocking blade shear, and the visit was held to be justified by 
the fact that we could save about £20000 because of the saving 
in connexion with the dipping table. 

I should like to make some comments on the paper generally. 
In Table IV, for the two-stand four-high mill a better plate 
yield is shown with thick plate than with thin. Our experience 
is the reverse of this. As plate thickness increases, unless the 
slab weight can be increased it means shortening the plate and 
so decreasing the yield, because the same amount of end scrap 
is needed as on a longer plate. 

In the typical layout shown in Fig.7 all the plates go across 
one cooling bed and after that are diverted into two streams, 
thick and thin. I should have thought that it would be better 
to take the thin plates from one bank and the thick from 
another or to divide the product by thickness at the mill and 
not at the cooling bank. 

Most people when talking about scrap disposal think only of 
plate ends and so on, but even with the best steelmakers in the 
world there are times when whole plates have to go to scrap, 
and it often takes a long time to dispose of such plates with the 
scrap facilities provided. 

On the question of flame cutting, we can now, with rotary 
blade shears, cut easily up to } in. It is not possible to cut 
much over 1} in with a guillotine blade. I believe that work 
is being done to make it possible to cut up to 1 in with the 
rotary blade. If that can be done successfully, it may pay to do 
all plates above 1 in with flarne cutting and do away with 
guillotine blades altogether. 

On the question of the two sets of cross-cutting shears, I 
think the fact is that cross cutting takes longer than side 
cutting. We find that we need two cross cuts to keep one side 
shears going. 


Mr Dowding: The overlap with a fixed rake blade having a 
1 in 28 angle can, according to figures which I have here, be as 
high as 210 mm. On the rocking blade shear with the same 
width it would be between 90 and 120 mm. If that is the 
criterion of shear bow, the shear bow will be better with the 
rocking blade shear. 

On the question of cost, for a heavy shear the weight of the 
rocking blade shear is 60-70% more than that of the straight 
blade shear and it is therefore more costly. I admit that I do 
not remember seeing a comparison of the whole installation, 
including the table, the electrical installation, and so on, and 
it may be that there is not much difference in the cost on that 
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basis, though I think that at one time we said that there was. 

On the basis of the Appleby-Frodingham experience, those 
who have chosen to put in rocking blade shears are not going 
to regret it. What Mr Dodd has said emphasizes this. 

The question of mill layout and the handling of plate in the 
finishing line I shall leave to Mr Sturdy. The point which has 
been made about the mill designers paying far more attention 
to the mill than to the finishing end would perhaps have been 
justified in the past, and some of the finishing ends we see 
around the world bear this out; they seem to have been left to 
fairly junior draughtsmen. We took a different view. When we 
got these first two large contracts for plate mills, including the 
finishing end, we appointed the most senior of our assistant 
chief engineers to handle the job, and a very good job he made 
of it. He brought to the problem experience of the design and 
layout of large slabbing mills, blooming mills, and section 
mills, usually with the accent on the mill, and he has made a 
very fine job of the finishing end. 


Mr Sturdy: On the question of yield with thick and thin plates, 
the figures in our paper are actual figures from other plants, 
and the fact that they differ from other experience indicates 
differing conditions in differing plants. It does not necessarily 
follow that the plant with the highest yields is the most 
efficient. By dividing the plates after the mill you may be 
involving yourself in enormous extra capital cost to put down 
two sets of cooling beds each capable of handling the maximum 
lengths. In the particular case shown the output potential of 
the plant justified two cooling beds, so that we could have 
practised this if we wanted to do so. 

With regard to the problem of disposing of a whole plate 
which is scrap it is not economical to build the scrap disposal 
system large enough to cater for this situation. However, these 
plates can be cut into shortish lengths and removed from the 
shear by magnet using a monorail crane built into the shears. 
These short lengths can then be reduced to scrap sizes at 
leisure. With rotary shears the limiting thickness is set by the 
amount of work-hardening on the plate edge. We have done 
experiments to get up to 1 in, but we have not been successful 
so far. We are still working on it. 


Mr R. B. Atkin (Appleby-Frodingham Steel Co.): Comments 
have been asked for on the operation of the rocking shears, 
and the question of why the cross cut should be put ahead of 
the rotary shear has been asked. We have had experience of a 
7-ft, and more recently of a 12-ft plate mill line. On the 7-ft 
plate mill line we did not have a cross-cut shear ahead of the 
rotary shear and in consequence we had a good deal of trouble. 
In commencing the edge cutting with the rotary shears the 
edge was such that we could not get our rotary shears to start 
to cut at all well, and we did a lot of nicking of the leading 
edge by flame cutting to get a square face for the rotary shear 
blade. That influenced us when we put down our 12-ft shearing 
line, and we put the cross-cut shear ahead of the rotary shear 
to present a square edge to it. 

In our 12-ft line we find that we lose a certain amount of 
yield in cross cutting because of the position of the clampers. 
These are fixed too far away from the cutting line which re- 
sults in excessive scrap losses at the leading end of the plate. 
This is something which can be overcome by redesigning the 
feed of the clampers. Mechanically we have had no trouble 
whatever. 


Mr D. Fraser (Consett Iron Co. Ltd): In all our discussions on 
chock design, roll balance, and so on, the question of housing 
weight has arisen, and I believe the Davy and United 
Engineering Company have recommended a post area of 
between 1100 and 1200 in*. We have received information 
that the Algoma Steel Corporation are producing highly satis- 
factory plates on a new mill with a housing post area of 
750 in*. Does this mean that we are building our housings 
much heavier than need be? 


Mr Dowding: The mill at Algoma has an area of 750 in*. It 
is a dual purpose mill, acting as a two-high slabbing mill one 


Discussion on the modern plate mill 57 


day and a four-high plate mill the next. It is producing a very 
good plate. Algoma are having to sell against the four-high 
mills of the Steel Company of Canada, so that they must be 
producing a product of good quality. I have always argued 
against the enormous increase in housing weight which has 
been inflicted on us by the Americans. The casting, however, 
does not cost very much compared with the all-up price of the 
plant. If within the casting weight one can get up to 1000 or 
1100 in? on a plate mill, and one uses that metal in the right 
way to give the minimum stress in the housings and to accom- 
modate the rolls in as narrow a window as possible, I believe 
that one will be able to get a closer tolerance on the plate than 
if something lighter is used. On strip mills I am not sure that 
this applies, but there one has the opportunity of using auto- 
matic gauge control, which is impossible on a plate mill 
because the piece is not in the bite long enough. I do not say 
that one is buying too much metal, but we were not limited 
in the design of our mill by the housing weight. 

Algoma are thinking of having a separate plate mill eventu- 
ally, because their output is going up, and they are asking for 
1000-1 100 in* for that. 


Mr R. G. Atkinson (Dollery and Palmer Ltd): I feel that Mr 
Hanlon’s question was not treated very seriously when he 
asked ‘Is a cold plate leveller really necessary?’ but I notice 
that in the typical plate mill layout in Fig.7 and in the dis- 
cussion in the film there is no reference to cold plate levellers, 
Was this an oversight or can we assume that in the light of 
experience at various plants they are not necessary? There is a 
plate mill in Germany where the material arriving at the cold 
plate leveller is in an extremely flat condition and it seems that 
it is not essential to do any straightening work on it. 

On the question of levellers, I should be interested to have 
some comments from the authors on the design of the levellers 
themselves, as regards the convergence of the levelling rollers. 
Should it be possible to send plates through the machine with 
the top and bottom nests of levelling rollers parallel, or would 
it be advisable to provide a tilting cradle for the bottom nest 
and individual vertical adjustment of the top set of rolls? 


Mr Dowding: In dealing with the layouts we are discussing we 
did not mention cold levelling, perhaps owing to an oversight. 
I know that they come into the picture, and both South 
Durham and Consett have put a cold leveller or two cold 
levellers in their line in view of the increasing stringency 
regarding quality of plate which has been evident particu- 
larly during the recent slight recession in the plate trade. 

With regard to the design of levellers, I would ask Mr Craig 
to say something about the hot leveller which was designed 
for South Durham. The others were bought from Head 
Wrightson. 


Mr W. Graig: On the question of levellers, it is very difficult 
to get any accurate information on the advantages of keeping 
the top rollers at a parallel distance from the bottom, as against 
tilting the top rollers, but the general feeling among operators 
is that there is some advantage in tilting the top head, and 
most modern backed-up levellers are being built in this way. 
A good deal depends on whether the machine is being consid- 
ered as a one-pass or as a three- or five-pass leveller, if, as 
frequently happens, the plate is not made level enough in the 
first pass. 

I think that the whole aim of the designer of a leveller is to 
give the plate a good deformation between the first rollers and 
then to continue progressively until it finally emerges flat. If 
one asks any operator how he levels a plate it is surprising how 
little he can say about it, but many of them are very success- 
ful. In the design of a new machine I suggest that the top 
rollers should be made adjustable for tilting. 


Mr F. A. Batty (The Head Wrightson Machine Co. Ltd): The 
choice of roll adjustment would be determined by the leveller 
duty required. If one-pass levelling is required so that plates 
can be fed through in a continuous flow, then a tilting adjust- 
ment for the rolls would be necessary. With this adjustment 
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the entry side would have a heavy setting easing off to a light 
setting at the exit side. With this type of setting the bulk of 
the work would be done by the rolls at the entry side of the 
machine. It has been found in practice that this type of roll 
setting is much less critical to slight differences in plate gauge 
than the reversing leveller where reliance is placed on the last 
roll at both entry and exit ends to take the curvature out of 
the plate put in by the heavy working of the rolls in the centre 
of the machine. 

If a reversing duty is required, then a different type of roll 
adjustment is necessary so that identical settings can be 
obtained at both entry and exit ends to make it possible to run 
plates through and back without having to readjust the 
leveller for each pass. This type of leveller can have fewer rolls 
than the one-pass leveller and in this case the centre group of 
rolls would do the actual work on the plate and the last roll on 
both entry and exit sides would be adjustable in order to take 
out the curvature put into the plate by the centre rolls. In the 
case of the reversing leveller the centre rolls would have a 
parallel setting with the outer rolls set individually. 


Mr M. D. J. Brisby (W. S. Atkins and Partners): The table in 
section 8 (p.490) of the paper suggests that for 750000 tons the 
mill layout should comprise a two-high rougher and a four- 
high finisher, but that for 1000000 tons two four-high stands 
should be used. Is it purely a question of output that decides 
which alternative should be adopted or does plate quality 
come into the picture? If money is available, should one have 
two four-high stands for 750000 tons, or one two-high and 
one four-high? 

My second question concerns yield. We know that better 
yields can be obtained with four-high mills, but to what extent 
is the skill, science, or art of the mill manager, foreman, and 
operator responsible for high yields? Certain plate mills in this 
country and abroad get consistently better yields than others 
with very similar plant and equipment; there must therefore 
be something in the scheduling of operations and skill in 
marking out. 

Thirdly, on finishing lines we know that there are several 
mills where output is restricted by the finishing capacity avail- 
able. Can the authors give us any indication of the square feet 
of area of finishing line required per annual ton of product? 


Mr Thomas: While a two-high roughing stand is cheaper than a 
four-high one it is more difficult to maintain excellent quality 
with it. That is one reason why the potential output of a two- 
high and four-high combination is lower than that of four-high 
and four-high, because an output limitation is imposed by 
having to draft the first stand to get a good shape of break- 
down presented to the finishing stand. 

Skilled scheduling has a big influence on yield but the plant 
itself is extremely important, and so are the orders. With good 
orders for fairly standard sizes which are easily scheduled the 
position is much easier than with small orders for difficult sizes 
such as shipbuilders still ask for. The yield problem is much 
more difficult with awkward orders, so that in addition to first- 
class equipment, skill and a good order book have a very im- 
portant bearing indeed. 

As regards area of finishing line, I have no figure in my head, 
but we have carried out studies which provide a great amount 
of data for calculations of this sort. The answer depends on a 
good many variables such as plate thickness, plate length, and 
size and quality produced, so that it is not easy to give a 
categorical reply. 


Mr J. H. Graig (Colvilles Ltd); In Table IV a four-high mill was 
shown as having a yield of 80% whereas a combination of two- 
high and four-high gave a yield of between 81% and 834$%. 
Why should that be so? 


Mr Dowding: A further answer to Mr Brisby’s question of why 
yields vary so much from plant to plant may be that it is very 
often a function of the steel quality produced by that plant. 
It may go back to the steel practice and even to the iron 
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practice. There are a good many very practical steelmakers 
present and I should like to hear their views on that. 

In reply to the question on Table IV, the single four-high 
and the combination of two-high and four-high were in widely 
different plants. Probably any single-stand mill would have 
rather more difficulty in maintaining shape than a two-stand 
mill. The small difference in yield might be related to the shape 
of the finished product, which in one case might cause slightly 
more scrap somewhere down the line. 


The Chairman: There are so many factors involved in yield 
that it is not possible to be dogmatic, and how it is possible to 
say that there is a yield which is the optimum yield if every- 
thing else is equal I do not know. I do not think it can be done. 
To take one simple factor, on most plates one has to have a 
length test cut off the plate, and that at once means that one 
has 18 in of scrap on the end, unless one can manage to get 
the test-piece on the side, and if one gets it on the side one has 
to have 3 in of side scrap, but with a really good modern mill 
one ought to be able to roll a plate properly and have only 
1} in of side scrap. There are all these factors to take into 
account. 

Obviously, however, the four-high mill is bound to give a 
better yield, because there is not anything like so much lost 
weight in the centre of the plate as from a two-high mill. 
Whether there will be a better yield with a four-high mill or 
with two-high roughening and four-high finishing depends on 
all sorts of factors. It is difficult for a mill manager to get the 
rolls in two tandem mills to match up properly. He will not 
want to change his working rolls in the roughing mill as fre- 
quently as he changes the working rolls in the finishing mill, so 
that there is always a compromise between the best shape of 
plate coming out of the roughing and the best shape to put 
into the finishing. 

All these factors affect yield, and I do not think that anyone 
could put his hand on his heart and say that z was the opti- 
mum yield. If one has the same 100% quality of steel coming 
from the steelworks into the slabbing mill, one can damage it 
in the slabbing mill or in the soaking pits or in the reheating 
furnace, and in fact everywhere along the line, so that one 
cannot say that the yield to be expected from a two-stand four- 
high mill is such-and-such. All that one can say is that the 
modern four-high mill, with the much better bearings than we 
had in the old days and with the much stiffer rolls and hous- 
ings, is bound to have a much better potential yield. 


Mr R.A, Lake (Richard Thomas and Baldwins Ltd): Elementary 
mechanics tells us that the best way to absorb impacts is to 
provide not only mass, but also a little movement. The people 
who make steam hammers do something of the kind to enable 
the anvil to meet the blow, but the people who make mill 
machinery still pin their faith to large lumps of rigid metal to 
absorb impact. I have no doubt that the mill housings are 
capable of doing so without damage, but in the case of live 
rollers it seems to me that the bearings have a thin time. 

I should like to know how seriously this has been gone into. 
The only drawings shown seem to indicate a rather crude 
arrangement of springs such as are used in a railway wagon. 
Would not an annular spring, or possibly liquid spring around 
the bearings and interposed between it and the housing, be 
better? Is it impossible to make use of the properties of rubber? 
How far has an attempt been made to provide resilient mount- 
ings for these rollers? If nothing has been done, does it mean 
that there is so little bearing trouble that it is not worth the 
effort? 


Mr Sturdy: We feel that springs are a very good answer to 
shock loading, but the trouble is that they cannot be intro- 
duced without introducing slots somewhere, and there must be 
sliding faces, and we land ourselves in just as much trouble in 
keeping the sliding faces in good shape and free from scale as in 
keeping the bearings in good shape on a solid mounting. The 
roller itself has some flexibility. 


Mr T. Harris (Colvilles Ltd,): If I may pursue the vexed 
question of yields, I was surprised to read in section 
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16 of the paper that the authors regard edging rolls as ‘an 
overrated luxury’, and when rolling from slab to plate they 
estimated that an edger improved the yield by only 4%. I 
should have put it at three or four times that figure, but, even 
if it is only $%, on an output of 500000 tons a year that is 
equivalent to about £75000. I do not know the capital and 
maintenance costs involved, but it would seem to be worth 
while to install edger rolls. 


Mr Dowding: When we heard that people were going to order 
plate mills in this country we thought we should have a fine sale 
for edging mills, but when we tried to find the answers to 
expected inquiries we visited a dozen plants, with a question- 
naire containing some 150 questions and we got a dozen 
completely different answers. We had to try to analyse the 
general views of practical men making plate with modern 
mills. We asked if an edger was necessary on the ingoing or 
outgoing side of a four-high plate mill, and the answer was 
that if rolling from slab one could not expect to get more than 
a 4% improvement in yield and therefore the cost of an edger 
(which is quite expensive) was not justified. It is a question not 
only of the edger itself but of the foundation, the drive, the 
Ward-Leonard set, and so on. On the other hand, people 
rolling ingots said, ‘If you have an ingot you must have an 
edger, because you have to square the ingot from its rhom- 
boidal shape, and you get an improvement of between 
3 and 4%.’ 

Some people who installed edgers on mills rolling from slab 
were persuaded to do so by our American competitors in 
Europe, and now say they have found them unnecessary in 
their practice. We have advised everybody, and we think they 
have adopted our advice, to leave provision for an edger in the 
layout, in case (a) they want to chase the odd 4% yield and can 
afford to do it, or (b) they have to deal with steel qualities 
where edge treatment must be more fierce than it is on mild 
steel today, qualities such as stainless steels or titanium, where 
the edge may burst under the rolling load required by the 
reduction. 


Mr D. D. Ramsay (Colvilles Ltd): Mention has been made of 
one or two operators, but at the present time most of us have 
three operators, the third operator being the roller, whose sole 
duty in most mills is to measure the width and thickness of the 
plate, Can the authors suggest any way of solving the problem 
of the automatic gauging of width and thickness? 


Mr Dowding: On this question of instrumentation, we have a 
thickness meter and a width meter in operation in Canada. We 
have sometimes to go abroad to get our early efforts appreci- 
ated. We installed these at Algoma. 

The width meter is installed fore and aft. It is in the roof 
trusses and measures the length of the plate after broadsiding. 
The only criticism is that when they want to change the width, 
the motors and the speeds we have installed make it too slow 
to move the heads in time for the next change. This is being 
put right. For the thickness gauge we have put in a gamma 
gauge which we built in conjunction with Isotopes Develop- 
ment. That has measured plate quite satisfactorily up to 2 in 
in thickness. The source is buried under the table between the 
rollers, with a lot of safety devices to ensure that no harm can 
come to the operators. There is a scintillation tube above the 
table. It is possible to measure the weight of the plate from 
the atomic weight, and therefore its thickness. That worked all 
right until it blew up. We expect this kind of thing with first- 
offs; our only difficulty is that we have to travel 3000 miles to 
put it right, so that we would prefer it to be just down the 
road, say at Appleby. 

When these things are working they will be extremely 
valuable. It has always seemed to me ridiculous to put in an 
enormous four-high mill, where a man comes along with a 
stick and a bit of chalk to see what the width or the thickness 
is. We can assure Mr Ramsay that by the time the plant which 
he has in mind is going, it will be very modern with respect to 
measuring instruments. 
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WRITTEN CONTRIBUTION 


Mr H. R. Mills (BISRA) wrote: I should like to ask the authors 
two questions relating to the section of their paper on finishing 
equipment. 

The first question is about the turnover gear at the end of 
the cooling bank. Have the authors ever considered the desir- 
ability of siting the turnover arms not at the end of the cooling 
bank but at some distance before the end? The turning over of 
the plate is the first opportunity the inspector has of seeing the 
condition of the surface on the underside. If this surface is 
defective in any place, it may then be impossible to cut up the 
plate as originally planned. The inspector or the marker is then 
put in the position of having to make a quick decision; either 
the plate must be lifted from the bed and put aside to await 
further instructions, or it must be cut up in a way that is 
judged on the spot to be the best possible. 

If, however, the inspection of the top surface of the plate and 
of its final dimensions were carried out some three or four plate 
widths before the end of the cooling bank and the turnover 
gear were situated at this point to turn the plate over, the 
inspection could be finished in time to allow for new instruc- 
tions to be received about its cutting up if it were found to be 
defective, without the necessity of removing the plate from 
the fiow line. 


My second question relates to the removal of the scrap from 
the shears. I notice that the authors advocate scrap choppers 
and conveyors. A few years ago I saw in a German works, a 
very complete scrap chopping and conveyor system below the 
floor level of a plate mill. All the scrap, chopped into suitably 
small pieces, was fed on to a central conveyor which finally 
loaded it into the scrap boxes which were used by the open- 
hearth furnace. 

As an engineering job, this seemed to me to be very fine and 
it had, of course, the advantage of avoiding any unnecessary 
handling, scrap boxes on bogies being filled at the exit from 
the plate-shearing bay. I was, hewever, more doubtful about 
the economics. The scrap conveyor system looked as though it 
would be expensive and it was difficult to know whether the 
cost of this would be justified by the avoidance of double 
handling later on. I should be glad to know the authors’ views 
on the economics of scrap conveyors. 


Mr W. Craig: We prefer to site the turnover gear about two 
plate widths from the end of the cooling bank. Mr Mills 
suggests three or four plate widths, but for economic reasons 
we find the cooling bank area is never sufficient and we must 
retain as much area as possible for cooling within the site 
limitations. Plates can be inspected on the bottom side and 
marked out to the best possible advantage, making allowance 
for any defective area of surface. Turnover gears must be made 
reversible so that the plates can be left with either side up and 
showing all the markings on the top surface. 

The second question refers to scrap handling. An excellent 
example of mechanized scrap cutting, handling, and loading is 
now operating on our most recent plate mill plant. This equip- 
ment has now been operating for about three months and so 
far has been very successful, but we must wait a little longer 
before we can fully assess its many advantages. 


Discussion on plate mill furnaces 


The discussion at the third session was based on the paper 
‘Plate mill furnaces’, by The Society of Furnace Builders, which 
was published in the March 1960 issue of the Journal (194, 
365-383). 


Mr H. Southern (President, The Society of Furnace Builders) 
presented the paper. 


Mr 8. H. Brooks (Appleby-Frodingham Steel Co.); I would 
like to begin by making some general comments. 

Firstly, air infiltration. This is one of my principal enemies, 
and it can result in poor atmosphere control, reduced heat 
recovery, poor furnace pressure control, high exhaust fan 


power, etc. 
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The paper mentions our continuous bogie furnaces. Regen- 
erative furnaces are notorious for leaking badly, and our 
original furnaces were no exception. The air infiltration ex- 
pressed as a percentage of the wet waste gases leaving the 
furnace chamber (and hence including bogie seal infiltration) 
was no less than 60% on the acceptance test of one of our old 
furnaces. 

When we installed our new bogie furnaces a short time ago, 
some improvements were made as detailed in the paper, but 
the one to which I wish to draw attention is that the regener- 
ators were completely plated, right from the sand seal on the 
inside to the furnace casing on the outside; the plating included 
even the collecting flue and the regenerator base. We have just 
carried out a test on one furnace and the infiltration was only 
144% (up to the recuperator inlet) as compared with the 
previous figure mentioned of 60% leaving the checkers. 

We think this is important and we have applied the same 
principle, of having nothing but metal to metal joints, to other 
furnaces. For instance, our original one-way recuperative 
soaking pits were constructed conventionally with steel casing, 
steel flue, short brick elbow, and steel recuperators. The infil- 
tration was 13% of the waste gas volume; and after a period of 
use became much worse. On the newer pits the brick elbow 
was cased so that we had metal to metal joints right through 
and the recuperator design was modified to prevent infiltration 
and a test has shown a figure of only 6% which can be reckoned 
to be nearly perfect. 

This principle is also applied to the Ajax steel furnaces 
where the port ends, uptakes, slag pockets, and regenerators 
are continuously steel encased. On the furnace being currently 
converted to Ajax the whole flue is cased and bolted up to the 
waste heat boiler inlet box. 

I think most steelmakers will agree that this is a sound 
principle; if not from the technical aspect, they must agree 
that it is good for the plate business! 

End discharge pusher furnaces are mentioned in the paper, 
and these are notoriously difficult to keep infiltration-free in 
the furnace chamber itself. The discharge ramp acts as an 
efficient chimney to induce cold air. I know of one such furnace 
where all the air can be turned off the soak zone burners and 
auxiliary gas burners used and still give substantial quantities 
of oxygen in the atmosphere. This is a particularly serious 
disadvantage of this type of furnace, and I note that the furn- 
ace builders have recognized this by firing one furnace towards 
the doors. This should be an improvement, and I would like to 
know whether all the difficulties are overcome by this means 
and whether other methods are now available. 

And now for fans. We have tended in the past to look upon 
the fans as an unimportant item. While this attitude may be 
excusable on small furnaces, it is certainly not so on the large 
ones we are considering today, where fan power (particularly 
of induced draught fans) may be over 100 hp. 

The use of low-efficiency fans is usually false economy. We 
have found that the extra cost of a high efficiency fan is 
recovered by power saving in only one or two years. Too often 
low efficiency fans are defended for use on exhaust duty 
because the paddle-bladed type is considered appropriate for 
flue gases. There may be a case for this with dirty gases, though 
I doubt it, but no case at all with furnaces fired by clean 
gaseous fuels or oil. The only exception to the rule that higher 
efficiency fans pay, was the case of a high-temperature induced 
draught fan where special materials made the cost increase 
uneconomic. 

I would like to speak on fan control. The old-fashioned but- 
terfly or sliding damper which wastes power when not fully 
open is almost universal and consideration ought to be given to 
the more refined methods. Variable speed control is theoretic- 
ally the best, but is costly and presents more control difficulties 
due to the inertia of the fan. Nearly as good, however, is inlet 
vane control, and this ought to be fitted on all the larger fans, 
particularly where a wide turn-down range is used as on mod- 
ern soakers. Our soakers do not have this feature, but the new 
bogie reheaters and OH furnace induced draught fans are so 
equipped. 
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I next want to speak about heat recovery, if only because of 
a statement that ‘when it is possible to dispense with the use 
of recuperators, waste heat boilers are often installed’. This 
implies that recuperators are only used in preference to waste 
heat boilers where their use is necessary due to the high 
temperature needed or the leanness of the gas. This is not 
always so. If we consider a furnace exhausting at 1300°C and 
fired by coke oven gas, the use of a recuperator giving 700°C 
air preheat will give a fuel saving of 1-6 times the amount of 
heat in the air. This is a far better ratio than can be offered by 
steam raising where the ratio between fuel saved and heat 
extracted is of the order of 1-3:1. In this particular example 
the waste gas would leave the recuperator, assuming no dilu- 
tion and heat loss, at over 800°C and a waste heat boiler would, 
of course, have recovered more of the heat, down to say 250°C, 
but the ideal thermal combination would have been a recuper- 
ator followed by a waste heat boiler. 

The advantage of recuperation diminishes with lower 
exhaust temperatures and increases when leaner fuels are used. 
Each case should be examined on its own merits, but it should 
be appreciated that waste heat boilers can often give a lower 
fuel saving for a given heat return than recuperators. 

Now I would like to comment on the furnaces mentioned in 
the paper of which I have some experience. First, electric 
soakers. A recent paper has described how we use our single 
electrode pit for cooling or conditioning short track time 
ingots. I would merely confirm that this unit has given us good 
service and consumes only about 1 therm/ton at 2000 tons/ 
week. It we had enough hot steel at the right time it would 
consume no electricity at all. 

I would like to mention, however, our gas-fired controlled 
cooling pit. This is similar to the electric pit but each cell is 
completely separate and has a small'coke oven gas burner to 
keep the cell hot when empty. This burner is turned off just 
before charging a hot ingot. In other words, it is used in pre- 
cisely the same way as the electric pit. At throughputs of 
1300 tons/week fuel consumption is 44 therms/ton. This com- 
pares with 1-6 therms/ton on the electric pit at similar 
throughput rates. Based on fuel costs of 2/6 per therm for 
electricity and 6d. per therm for gas, it will be seen that the 
gas-fired unit has fuel costs some 44% cheaper. It is expected 
that maintenance costs will be even lower than the electric pit 
and capital cost is only about two-thirds of that unit. 

I have already referred to our new slab reheaters, and it 
may make the account complete if I refer to some recent test 
figures obtained with blast-furnace gas of 95 Btu/ft® calorific 
value rather than the specified mixed gas, Output was 13-9 
tons/h and fuel consumption was 24-4 therms/ton. These are 
not quite so optimistic as the figures quoted in the paper, but 
are very creditable on a furnace designed for fuel of 160 Btu/ft*. 
We fully expect the performance to be better than guarantee 
when the specified fuel is used. 

I would like to quote some test figures for the continuous 
normalizing furnace mentioned in the paper. For a throughput 
of 40 tons/h heating from 618 to 860°C the fuel consumption 
was 6-2 therms/ton. Long-term fvel consumption runs be- 
tween 7 and 8 therms/ton, and I would be surprised if the 
figure of 15 therms/ton mentioned for cold plates could not be 
substantially bettered. Air infiltration was 164% of the wet 
waste gas leaving the furnace chamber, and can be considered 
to be reasonable, if not quite up to our high standards. 

The batch normalizer mentioned has been tested heating 
cold plate to 900°C for 16-8 therms/ton. Air infiltration was of 
the same order as for the continuous furnace: 14% at recuper- 
ator exit. 

The main snags with the double roof type of construction 
are (a) that it is impossible in our experience to work with 
excess air at less than 25%, and this is not particularly good 
with gaseous fuels. (b) It is difficult to keep the space tight and 
combustion air can be lost by leakage; about 20 to 30% loss of 
the fan air has been observed, and apart from causing reduced 
effective preheat, air/gas ratio control is made more difficult. 

It must be admitted that the flames produced by this 
system seem ideal for normalizing, but I would like similar 
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results to be obtained without loss of air and with reduced 
excess air in the furnace. Am I asking for the impossible? I do 
not think so. 

I hope that these comments have been of interest and will 
help, if held is needed, to provoke a good discussion. May I 
finish by saying that a target of 18 to 20 therms/ton for slab 
reheating is, in my opinion, too high. I see no reason why 16 or 
even 14 therms/ton should not be possible if attention is paid 
to some of the factors I have mentioned and to others that are 
no doubt on the drawing boards of the firms concerned. 


Mr Southern: I wish to thank Mr Brooks for opening the dis- 
cussion in such a broad and interesting manner. He has refer- 
red to most of the furnaces described in the paper, drawn par- 
ticular attention to factors which influence their performance, 
and spoken, from his wide experience, on the operation of 
furnaces in general. 

His timely remarks on the subject of air infiltration are fully 
endorsed. 

In furnace practice the attainment of optimum conditions 
of operation largely depends upon the minimization of air 
infiltration and this can certainly be achieved by completely 
encasing the brickwork in steel plates. The benefits obtained 
are lasting, and, as clearly indicated by Mr Brooks, outweigh 
the extra expenditure involved. 

In the present era of exacting production requirements and 
rising fuel prices it is imperative to employ furnaces which 
are in every respect suitable for the efficient performance of the 
specific duties likely to be imposed upon them. Such furnaces 
can seldom be bought cheaply because they must have the 
necessary mechanical and structural features to ensure 
trouble-free life, be thermally balanced and suitably con- 
structed for the easy attainment of optimum conditions of 
operation and be automatically controlled for the regular day 
to day maintenance of those conditions. 

The drastic limitation of expenditure during the purchase 
of furnaces is not conducive to the installation of units of the 
best available type and the main consideration at the time of 
selection should always be ‘what irrecoverable benefits and 
savings will be lost if such a policy is pursued’. 


Mr A. Kilby (Priest Furnaces Ltd): Mr Southern has made 
some true and relevant remarks about the initial expenditure 
particularly on furnaces of this magnitude. There is always a 
time, when one is quoting for furnaces of this size, when there 
is a question of price. Mr Brooks has shown that with a com- 
paratively small expenditure, plus the fact that it was possible 
to use a little more steel plate at a time when one could not sell 
steel] plate, quite a big return was obtained. 

The difference in the performance of the two furnaces is 
quite easily seen in this particular instance, and I feel that this 
is a startling case for spending a little extra money to get a 
good return. 

The question of high efficiency fans also comes within the 
category of the remarks I have just made. It is a more expen- 
sive unit, but it does give some return for the extra capital 
expenditure. 

The question of air infiltration on the multi-zone furnaces is 
a serious one. This has been tackled in a number of ways, and 
one way mentioned in the paper is the reverse firing. There are 
other suggestions for rows of burners at the discharge end to 
take care of the natural draughting of the furnace. I think that 
it is only if some of these methods were given more trial that 
we should get the answer. 


Mr Southern: Air infiltration at the discharge slopes of multi- 
zone continuous furnaces has been mentioned. The paper 
describes furnaces of the normal type in which the soaking 
zones are end-fired and also one of Continental design in which 
the soaking zone is fired in the reverse direction. Perhaps this 
is a subject upon which Mr Williams may wish to comment. 


Mr 6. H. Williams (Stein and Atkinson Ltd): The air infiltra- 
tion at the soaking end of a continuous furnace may at certain 
times be up to 30% of the theoretical air required for combus- 
tion in the soaking zone, but when one recalls that the soak 
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zone uses only about } of the total fuel used on the furnace, 
this air infiltration is not important, and it is a fact that this 
occurs on virtually every strip mill furnace in the world, yet 
both economy and surface finish are satisfactory. Nevertheless, 
do not let me convey to you the idea that this is something we 
are satisfied with. We, along with our associate companies, are 
at the present moment working on means for effeetively 
reducing this. We installed eductors in the discharge slope of 
the soaking zone hearth some time ago, but the trouble here 
was the question of maintenance. Even so, they are still used 
and still favoured by a number of our customers, although 
they cost more. 

Reverse firing has been tried out not only on the Continent 
but in America quite a number of years ago on an important 
and well-known installation, but it was not proceeded with 
elsewhere. I have seen this and our associates are also familias 
with this installation. I have only recently heard of it being 
used elsewhere. 

Mr Brooks’ reference to the electric pit at Appleby-Froding- 
ham was interesting, as was also his comparison with the gas- 
fired cooling pits. I think that, in regard to the electric pit, it 
should be recalled that when their pit was designed it was 
essentially for Appleby-Frodingham hot ingot conditions only, 
and with a very small electric input. In this respect it is quite 
different from virtually all the electric pits which have since 
been built. The limitation in heating capacity was quite 
deliberate and, moreover, the design was better suited to the 
restricted site. 

The advantage of heating ingots with a much wider range 
of charging temperatures with the more conventional higher 
input electric pit is now widely established and it is as well that 
this is not forgotten: such flexibility is, under normal mill 
conditions, a usual requirement. 


Mr G. Harrison (Gibbons Bros.): Mr Brooks mentioned induc- 
ing air at the discharge end, the chimney effect of the discharge 
slope, and the fact that reverse firing had been employed, and 
went on to say that there are two different schools of thought 
on this subject. I was very interested in his remarks, and his 
statement that he would like to hear the views of users having 
experience of reverse firing. 

There are a number of reheating furnaces on the Continent 
with reverse firing that are working extremely well, but we do 
know from experience that the actual profile of the soaking 
zone roof is of vital importance if it is to be a success. With 
certain roof profiles, reverse firing has not always proved as 
good as one would have liked. 

In this connexion, it would seem that, so far as the design of 
furnaces is concerned, there is a great deal of scope for some 
research on this question. About three weeks ago I saw two 
furnaces on the Continent, each with an output of 80 tons/h, 
and embodying reverse firing. They were working extremely 
well, and the customer was very satisfied. I also saw one work- 
ing in Berlin, and there were two members of one of the largest 
steel organizations in this country present at the same time, 
who passed the remark that they were very surprised indeed 
at the comparatively small amount of scale on the billets that 
were being discharged from the furnace. There is no doubt at 
all that, subject to the profile of the roof being designed 
properly, there is something to be said for reverse firing in the 
matter of keeping the scale losses down. 

On the question of the induced draught fan and saving 
power, it is true that the butterfly damper in many respects 
leaves a lot to be desired. I think that more of the induced 
draught fans on large slab reheating furnaces should be fitted 
with a fluid drive or scoop coupling. With this method, there 
is a saving in electrical power when the furnace is working 
below its maximum consumption; but here we come up 
against the problem mentioned by Mr Kilby, that whatever 
the furnace designer or supplier might like to do, he is always 
faced with extreme competition, and this is a more expensive 
way of draughting a furnace. 

I would also like to comment on what Mr Brooks said about 
their experience of the continuous normalizing furnace 
installed in their works. The therms per ton of metal heated 
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that are given are on the basis of a cold charge. At Appleby- 
Frodingham very rarely do they place a cold charge in the 
furnace and that is the reason why the aciual therms per ton 
are considerably less. We have given the figuros of the original 
tests made on the furnace, and I have no doubt that since 1953 
or 1954, when the tests were made, the figures now show up 
very much better than we were able to achieve at the time; 
nevertheless we based our consumption on a cold charge, 
whereas invariably the charge is at 600°C, and if our figure was 
related to a hot charge it would be brought down to something 
of the order that Mr Brooks stated. 

On the batch type normalizing furnace there is a definite 
problem with regard to air leakage, and during Mr Brooks’ 
remarks I was thinking that it might be possible to encase the 
upper chamber which acts as the air reservoir, or, alternatively 
perhaps, a better way would be to go from the sprung arch to a 
flat suspended roof at that point. This would give a better 
chance of sealing as against the sprung arch, with its inherent 
possibility of opening of joints after a continuous period of 
working. 

With reference to recuperators and waste heat boilers, in a 
paper given at the Staffordshire Iron and Steel Institute last 
week the point was made that there is no reason whatever why 
both recuperators and waste heat boilers should not be em- 
bodied in the same system; and to some extent this has been 
accomplished, for when we look at the pair of furnaces shown 
on p.371, Fig.7, the triple-zone continuous slab reheating 
furnaces, we see that recuperation is applied, and although a 
waste heat boiler is not embodied in the system, there is 
evaporative cooling which can be considered its equivalent. 
These are Continental furnaces, and I think I am right in 
saying that there are no reheating furnaces in Britain that 
have evaporative cooling, although I fancy that there will be 
some in the very near future. 


Mr A, Marshall (Consett Iron Co. Ltd): I should like to ask the 
various contributors to this paper, or anyone who may have 
batch furnaces in operation, to comment on the troubles they 
have had with the wearing plates in the furnace for the charger 
runners. At Consett we have adapted an existing furnace for 
this type of machine, and we have ended up with bad results 
due to rolling or coiling of the wearing plates after breaking. 
I know that the manufacturers are working on this problem, 
but I should like to hear comments from other people who 
may have had this trouble. 


Mr Harrison: We are well aware of the problem that Mr 
Marshall has outlined concerning the bottom of the charging 
arm track. Incidentally, our furnace at Consett is working, or 
it was said to be suitable for working, at a lower temperature 
than the one installed at Appleby-Frodingham. Appleby- 
Frodingham are usually operating with commercial steel, 
normalizing around 930-950°C, but they do normalize also at 
1080°C when they place stainless steel in the furnace. 

Metallic tracks have not been a success for the special type 
heavy charging machine used for large batch normalizing 
furnaces for stainless steel. The Appleby-Frodingham machine 
which was specially designed and intended to take a 12-ton 
load, has proved this conclusively. Our company has carried 
out considerable research and have now put into operation on 
the furnaces at Appleby-Frodingham a refractory block which 
is giving a greater life than the metallic strip that was used 
previously. There is still room for some improvement with 
regard to these track blocks, but we do find in practice that the 
wear towards the back of the furnace is not very great, and the 
wear at the charge end, the first 6 to 8 ft out of the 45 ft length, 
is considerably less than when metal is used for the bottom of 
the track. On all future furnaces of this type we would defi- 
nitely use the special refractory material that we have de- 
veloped during the last 12 to 18 months. 


Mr D. D. Ramsay (Colvilles Ltd): It has been mentioned today 
that the pusher type furnace can heat up to 12 in thick. Mr 
Marshall in his paper, was emphatic that 10 in was the limit. 
Can the furnace builders assure us that they can heat at 12 in, 
or is Mr Marshall's figure correct? 
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Also with regard to the pusher type furnaces, are ceramic 
shrouds definitely successful on the bearers in pusher type 
furnaces, or do we still need to trust to the water or steam 
cooled skids? Further, is there any limit to the length of steel 
which can be pushed, in other words, the length of the furnace, 
or does this depend on the thickness of the material being 
pushed? 

Finally, in connexion with rotary furnaces, can anyone give 
information on the following point: although the atmosphere 
should be controlled to avoid forming scale, we know that if 
the mill is off for some hours it is almost inevitable that scale 
will form. How will this scale or cinder be removed from the 
furnace? 


Mr GC. L. A. Webb (Stein and Atkinson): Mr Marshall mentioned 
10-in thick slabs, but the first two plate slab-heating furnaces 
of the continuous type put in at Consett were actually de- 
signed for 14-in maximum. We do know that it is a difficult 
problem to heat much over 10-in, but it is done, although of 
course, at slower rates of heating. 

On the question of skid insulation, we feel that there is a 
great deal of work yet to be accomplished and that one day we 
are going to find a satisfactory solution to this; it depends to 
some extent on how far evaporative cooling goes in as well. 
Undoubtedly steam recovery in many places is of great value; 
at other plants it may not be so important, and insulation must 
be the answer to this very heavy Btu loss through water 
cooling. With the amount of work being done on skid insula- 
tion, one feels that, as with so many other problems, we shall 
be getting better results soon. 

On the question of length of push, there are limits to how far 
one can push, particularly in the case of thin slabs. What those 
limits are at the moment it is a little difficult to say, because 
every time we get one of these new mills to consider, we find 
that a greater distance between the pusher head and the 
discharge apex is asked for. 

It is a question each time of weighing up a whole number of 
factors, and it is not possible therefore to give a plain straight- 
forward answer. 


Mr Kilby: On the question of thickness of the slab which can 
be pushed, we have definitely done 12 in on a multi-zone 
furnace, and we are happy with that. We have seen cases on 
the Continent where they have gone above 12 in without 
trouble. We have no doubt that it is possible to heat thicker 
slabs than 12 in but for comfort we think that 12 in is a 
reasonable figure. 

As Mr Webb stated, the length of push that one can under- 
take depends on a number of factors, not least of which is the 
question of round corners on the slab in question, the difference 
in thickness, etc. We think that another factor which plays a 
part is the type of pusher used. We have found that the 
hydraulic pusher definitely has an advantage in this respect, 
that with the electric pusher one does not get the same gentle 
take-up that one does with the hydraulic pusher. So far as we 
can see, 100 ft is quite a commonplace push now, and whether 
that is the limit or not is doubtful. 


Mr Marshall: On the question of slab thickness, I agree that at 
Consett 16-in slabs are going through the slab furnaces, but 
all slabs over 10 in in the Consett furnaces are only taken up 
to a temperature of about 950°C and are then removed from 
the continuous furnaces and put into wash heat furnaces for 
final heating. We had to do this in the early stages when we 
kept three or four small furnaces going. 

I would like to comment on the 10-in figure given yesterday 
in the paper which I presented. That 10-in figure was arrived 
at after studying plants all over the world. We found that in 
numerous cases people who had put in continuous furnaces for 
slabs up to 12 or 14 in thick found that they had so much 
difficulty with edge welding on the thick slabs that they had to 
resort to putting in some other type of heating for the thicker 
slabs. That is why we decided on 10 in. It is a matter of opin- 
ion and of finding out in one’s own practice in one’s own 
furnace. 
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Mr J. Dodd (Appleby-Frodingham Steel Company): On the 
question of slab thickness, all the speakers have talked about 
the maximum, but have not given the limits of variation 
between minimum and maximum. Will one of the furnace build- 
ers give us the range of slab thickness which can be accommo- 
dated in one furnace? 


Mr Harrison: Dealing first with Mr Marshall’s point about the 
thickness, we are reasonably satisfied that one can go up to 
12 in thick and even above in certain cases. The difficulty that 
he has raised with regard to the welding of the edges of the 
slabs stems from the design of the furnace in respect of its 
length. The Continental practice is to design the length of the 
furnace on the basis of a 50°C differential between the outside 
of the slab and the core. In the USA and UK we do it a little 
bit differently. The mills are usually designed with plenty of 
power, and if there is a 100°C differential it does not matter 
very much; but when we have a thick slab which has 100°C or 
125°C differential, it means that if the core is going to be at a 
suitable temperature for good rolling the outside temperature 
of the slab is going up to 1300-1325°C and temperatures of 
that order. That is when we are likely to get sticking at the 
edges. 

With regard to Mr Dodd’s point on pushing length and 
thickness, I would say that the answer there is in the initial 
design; that it is the thinnest slab that is being heated that 
determines the length. As Mr Kilby has said, a lot depends, in 
connexion with the maximum length of furnace for pushing 
slabs, on the edge itself. If we have a truly square edge, there is 
a certain figure that can be taken with reasonable safety, but 
once we depart from a truly rectilinear section, we must 
shorten the furnace if ‘piling’ is to be avoided. But really the 
length of any pushing furnace should be first of all determined 
on the basis of the thinnest slab that is going to be heated, and 
then one must work back to the output that is possible with the 
thickest slab. 

Perhaps I might try to reply to the point that was raised 
with regard to rotary hearth furnaces. We have had no 
experience of trouble with slagging on the hearth of a rotary 
hearth furance, and in fact the first one that we built in this 
country had no hearth repairs for the first two years. 

Our normal practice on mill shutdown is to turn out some of 
the burners, and if the mill delay is of a long duration, we 
reverse the hearth and bring the slabs back out of the hottest 
zone. With regard to the falling of scale on to the hearth, of 
course there is an advantage on the rotary hearth furnace in 
that there is no relative movement between slab and slab or 
slab and hearth, and as the slabs are picked up vertically with- 
out any dragging, there is no tendency for the scale to become 
detached froin the slab. 

With reference to the problem of heating thick slabs. we are 
heating 9 in thick slabs for rolling quite satisfactorily at a rate 
of about 28 min/in on a rotary hearth furnace. 


Mr J. H. Flux (The United Steel Companies Ltd): Reference 
has been made to evaporative cooling, and it might be useful to 
record that at the Steel Peech and Tozer works evaporative 
cooling has been in use for just over 12 months on an OH furn- 
ace, where it is working exceedingly well. However, the use of 
evaporative cooling on reheating furnaces should be treated 
with a little reserve. Mr Brooks has already pointed out the 
thermal advantage, although only marginal, of a recuperator 
designed to give the maximum return in air preheat and re- 
duced fuel consumption. The modern recuperator is effective 
and so designed that it requires no additional furnace super- 
vision. Evaporative cooling with a waste heat boiler attached 
to a re-heating furnace on the other hand will demand extra 
labour in the form of a boiler attendant. With a number of OH 
furnaces in one melting shop the cost of this supervision is 
proportionately reduced, but if one attendant is required to 
look after the evaporative cooling on one reheating furnace the 
cost of the steam becomes rather high, and the return on 
capital is not so attractive. 

As far as possible the reheating furnace should become a 
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self-contained unit and, instead of replacing inefficient water- 
cooling with reliable evaporative cooling, the use of cooled 
skids should, if possible, be dispensed with. It is very desirable 
that attention should be directed towards the development of 
satisfactory dry skid material using evaporative cooling only in 
the last resort, bearing in mind that for a small reheating 
furnace in an isolated situation and requiring additional 
attendants, it is not an economic way of steam raising. It is 
merely a good method of overcoming difficulties resulting from 
poor quality water cooling. 


Mr Williams: I should like to comment against Mr Flux’s 
remarks on evaporative cooling on continuous furnace skid 
systems. I am in complete agreement with him, of course, on 
the question of OH furnaces. 

As regards the skid system, one major feature which has 
been demonstrated is that, as a result of evaporative cooling, 
a greater reliability of the skid system is achieved due to the 
circulation of boiler feed water. This, of course, leads to a 
greater furnace availability. 

In regard to his point about attendants, I have visited a 
plant in Diisseldorf, which has over 40 hot cooling installations 
on furnaces of many types. These operate at low pressure, and 
continuous attendance is apparently not necessary. For the 
more usual high pressure installations there must be some way 
of overcoming the problem of manning, since the advantages, 
both from the economic point of view and the reliability point 
of view, are very great. 


Mr Flux: I would confirm Mr Williams’ remarks by saying that 
in our experience evaporative cooling is thermally and mech- 
anically very efficient and as a means of reducing maintenance 
on skids in reheating furnaces I would expect it to be very 
effective. 

Nevertheless, its use on reheating furnaces may woll require 
the introduction of additional labour making the economics 
less attractive. Each installation will require separate con- 
sideration but the advent of evaporative cooling should not 
preclude the further development of dry skid material. 


Mr M. D. J. Brisby (W. S. Atkins and Partners): Some time 
back we studied the economics of electric and conventional 
soaking pits. There are certain interesting factors which come 
into the picture. These are: 
(i) the price of electricity: unfortunately, we can do little 
to reduce this in our country 

(ii) the temperature at which ingots are charged to the 

soaking pit: we can do something about this, namely 
reduce track times and schedule soaking pit operation. 
Electric soaking pits become a really attractive propo- 
sition if they are used with hot ingots 

(iii) the quantity of scale that can be saved by using electric 

soaking pits. 

Onthis last point we consulted several millmanagers whofelt that 
they wanted 1] }-2% scale in order to roll a good slab. However, 
at least one mill manager felt that this was excossive and that 
provided ingot moulds were sound and that a good clean ingot 
was cast, no more than }-1% scale was needed for surface 
cleaning when slabbing. If a reduction in scale of 1%, say from 
2% down to 1%, was acceptable, then the benefits of electric 
soaking pits become very apparent. I have seen ingots rolled 
at one works in Austria where they consistently operate with 
only $% scale loss and the slabs produced were sound. 

I should be most interested to hear the author’s views on the 
question of scale when slabbing ingots. In our study we were 
able to calculate break even figures which took into account 
the variation in ingot temporatures and the quantity of scale 
produced. We showed our results to various mill managers who 
agreed broadly with our findings. Briefly, our conclusions were 
that electric soaking pits were an attractive proposition pro- 
vided they were charged with hot ingots and that the mill 
operators were prepared to accept low scaling on the ingots. 


Mr Dodd: I cannot remember the occasion referred to, but I 
am in complete agreement with Mr Brisby. As has been said, 
the electric soaking pit that we have is used for ingots with a 
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very short track time. It is a cooling rather than a heating pit. 
When we first had it, I think it is true to say that we did not 
get anything like 4% scale. The ingots came out of the pit 
looking exactly as they were when they went in. We had to 
introduce a little air to take off some of the surface defects. 


The Chairman: I should like to mention that our experience 
with the electric soaking pit has been the same; we had to 
introduce a little air in order to have a little scaling. I think 
that this does raise a point of which we should not lose sight. 
Although it is very nice to have as low a fuel cost as possible 
on any furnace — fuel is obviously a very costly thing in a 
steelworks - we must remember that the primary objective of 
all these furnaces is to heat steel, and that is the thing that we 
must always look to first: to heat steel quickly enough for the 
production required in any mill and also, of course, to heat it 
in such a way that we get the best possible steel. Although we 
also like to have all these other advantages, such as raising 
steam, we do not want to put in our furnaces primarily as 
boilers, but to provide a good steel product. 

As I mentioned yesterday, one of the difficulties that we are 
up against in an integrated steelworks is this steam problem. 
With the changeover from the conventional methods of mak- 
ing steel to the new methods of oxygen steelmaking, we are 
going to be up against a difficulty of steam, and indeed a fuel 
and power balance in an integrated works very different from 
what it has been, I think we shall find that we are probably 
going to have surplus gas that we did not anticipate, and also 
we may find that we have surplus steam. Therefore, although 
it may be very nice to raise steam from any heating furnace, 
unless a works has some use for that steam, the gain may be 
more apparent than real. 

These are problems which are becoming so important that 
we have thought in the Engineers Group that we ought to have 
@ meeting in the near future at which all these problems con- 
nected with the new processes could be ventilated. I do not 
mean the process itself, but all the ancillary things connected 
with it, such as gas, steam, and power balance. 


Mr R. Jamieson (Colvilles Ltd): Some work has been done on 
the Continent, in furnaces working at lower tempere* 1res, on 
ceramic skids. Could the furnace builders indicate what future 
there is for ceramic skids, and what work, if any, is being done 
on them in the UK? 


Mr Harrison: Ceramic skids are being accepted in a certain 
type of furnace installed on the Continent. There is no doubt 
that the ceramic skid improves the overall thermal efficiency, 
because there are not the same heat losses. One firm in this 
country has had trials in an existing furnace with a ceramic 
skid that was bought from France, and, according to my infor- 
mation, it looks like being a pronounced advantage over the 
water-cooled skid. 

Work and research is being carried on at the present time on 
the use of ceramic skids, and I think that perhaps within the 
next two or three years, on shorter furnaces for heating slabs 
and billets, there will be an increased use of ceramic skids 
instead of water-cooled skids. 

There is one furnace which has just been put into com- 
mission in this country, a complete furnace, which is fitted 
with ceramic skids, and it is heating billets up to about 8 in 
square at the rate of 10 tons/h. 


Mr €. F. Fowler (Stein and Atkinson Ltd): May I ask Mr 
Harrison whether the furnaces they have installed, using 
ceramic skids, are underfired? 


Mr Harrison: Yes, top and bottom fired. 


The Chairman: If there are no further comments or questions 
I will ask Mr Southern to wind up the discussion. 


Mr Southern: I do not propose to speak as President of the 
Society of Furnace Builders but rather as a student of furnace 
technology. 

Mr Brooks referred to the consumption of fuel in furnaces 
and cited several figures from the text of the paper. May I 
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add that these figures are the results obtained in practice. 
They are not target figures. 

Mr Brooks continued to say that he sees no reason why it 
should not be possible to raise cold steel to rolling temperature 
on a consumption of 16 therms/ton. I entirely agree with him 
provided the use of continuous reheating furnaces is pre- 
supposed. 

The heat absorbed by 1 ton of steel when raised from cold to 
rolling temperature is about 800000 Btu or 8 therms/ton. To 
do the job in the practical field on a consumption of 16 therms/ 
ton simply means the proper use of furnaces capable of oper- 
ating at an overall thermal efficiency of 50%. Many top-fired 
continuous furnaces of limited capacity, without water-cooled 
skids, attain this degree of efficiency in daily operation. 

The true thermal efficiency of the heating or melting cham- 
ber of a furnace, as distinct from the related overall efficiency 
of the furnace, depends upon two factors which concern the 
distribution of heat within it. One is the factor of heat avail- 
ability and the other the factor of heat utilization. The first is 
the ratio between the heat available for use within the chamber 
and the total heat input to the chamber. The second is the 
ratio between the heat absorbed by the charge and the heat 
available for use within the chamber. The product of the two 
factors is the ratio between the heat absorbed by the charge 
and the total heat input to the chamber and this indicates the 
true thermal efficiency of the chamber. 

If the heat content of the exhaust gases at the outlet ports 
of a simple continuous furnace is 37-5% of the total heat input 
at the firing end then 62-5% of the input is available to heat 
the charge and balance the chamber losses. The factor of heat 
availability is therefore 0-625. 

Now if 80% of the available heat is actually absorbed by the 
charge then the factor of heat utilization is 0-8 and the true 
thermal efficiency of the furnace chamber is 0-625 x 0-8= 
0-5=50%. 

This example shows that a furnace operates at high effici- 
ency only when the product of the factors of heat availability 
and heat utilization is high. 

In large continuous reheating furnaces of the multi-zone 
type the use of water-cooled skids and supports is necessitated 
by practical requirements, but the thermal losses which direct- 
ly arise from water cooling frequently exceed the total losses 
from the walls and doors of the chambers. As a result much of 
the heat available for effective use is dissipated and the factor 
of heat utilization is lower than desired. 

Attempts have been made, with varying degrees of success, 
to shroud the skids and supports and thus to reduce the cooling 
losses but the practical problems which arise are difficult to 
combat. 

The complete elimination of water-cooling is of course the 
desired end but it is as yet too early to say what success will 
attend the development and use of dry refractory skids. In 
some installations their application is promising. 

Evaporative cooling is undoubtedly effective in the recovery 
of the heat normally dissipated by water-cooled skids but it is 
not the complete answer to the problem. Although the heat is 
substantially regained it cannot be used within the furnace 
chamber therefore the factors of heat availability and heat 
utilization are not improved. Even so the system is conducive 
to considerable economic gain provided the steam produced 
can be utilized elsewhere. That is not always possible as the 
Chairman has indicated. 

The question of slab thickness and its effect upon the time 
and quality of heating has been raised. This is a subject which 
cannot be adequately considered or discussed in the limited 
time available. 

Many factors influence the rate at which billets, blooms, and 
slabs of different thicknesses can be satisfactorily heated and 
the overriding one is the permissible temperature differential 
within the stock at the point of discharge. This greatly affects 
the heating time. 

In a very general manner it may be stated that top fired 
furnaces satisfactorily heat stock up to a thickness of 5 in. 
Beyond that thickness, top and bottom fired furnaces are 
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desirable. In furnaces of this type the heating of stock up to a 
thickness of 8 in presents no problems and the rate and quality 
of heating are satisfactory. With stock thicker than 8 in the 
vital relationship between heating time and temperature 
differential becomes increasingly apparent. 

The rate at which the stock can then be satisfactorily heated 
depends upon two factors: the degree of temperature uni- 
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formity required and the avoidance of ‘sticking’ before that 
uniformity is achieved. 

Before the conclusion of the session I should like to thank 
all present for their interest in the paper and also to acknow- 
ledge the collaboration and great help which I have received, 
during both its compilation and presentation, from various 
members of the Society of Furnace Builders. 


Discussion on electrical equipment for reversing plate mills 


The discussion at the final session was based on the paper 
‘Developments in electrical equipment for reversing plate mills’, 
by H. S. Brown and A. P. Baines, which appeared in the 
February 1960 issue of the Journal (194, 225-240). Mr Brown 
(The English Electric Company Ltd, Stafford) presented the 
paper. 


Mr G. Ovens (McLellan and Partners): The authors are to be 
complimented on producing a paper of interest to a much 
wider field than that concerned with the design of electrical 
equipment for plate mills. Motor ratings, supplies for variable 
voltage drives, particularly those for reversing duty, servo- 
controls of auxiliaries, and automatic methods, are of funda- 
mental interest to all in the iron and steel industry. The 
application of electrical equipment to a reversing plate mill is 
an excellent way of bringing many aspects together for general 
survey and discussion. I therefore like the range of the paper 
and I feel sure that all of us will find some parts of it of more 
than general interest. Looking at the paper generally, I have 
only one serious adverse criticism; there are only seven refer- 
ences given. Of these, four are dispensed with in the second 
paragraph and cover the history of the art of motor rating up 
to the time the authors take up the story. The references peter 
out less than one-fifth of the way through, long before that 
part of the paper dealing with automatic controls and par- 
ticularly the section on position control servos on which so 
much work has been done in service applications and in many 
industries other than our own. So much has been written on 
servos that I should have expected that the authors would 
have been able to choose some apt source of support in their 
dealings with the difficulties that arise from stiction and back- 
lash. Furthermore, references to papers published in the 
Journal, covering BISRA’s work on position control, pro- 
gramme control, and translator methods surely would have 
been appropriate. References such as these in other parts of 
the paper would have enhanced the value of what is undoubt- 
edly a good integrating paper combining many aspects of 
application engineering. 

When dealing with motor rating, particularly in the context 
of rms torques and duty cycles, too general use of the word 
‘maximum’ may be misleading. This applies to the definitions 
given in the paper where the word ‘greatest’ would be better in 
most instances, leaving maximum to be used for quantities, 
such as working torque, which vary up to a maximum in 
eyclic duty. 

In common with many other applications, the problems of 
finding some yardstick for motor rating are exceedingly com- 
plex. A convenient yardstick, as the authors point out, so 
necessary for setting the conditions for test, is the relevant 
B.S. specification. Here I have my tongue in my cheek when 
I say that it seems that, while before 1955 motors were design - 
ed so as not to comply with B.S.169, since 1955 they have been 
built so as not to comply with B.S.2613. That was my impres- 
sion when I first read the paper. 

I am not certain what the authors mean when they say that 
future policy towards rating standards should be ‘flexible’. If 
it means that, in future, because of automatic control and 
other things, the motor should better fit the job, I am in 
agreement with them. Being too conservative in rating or 
having margins built in that are unrecognizable must surely 
put UK practice at a disadvantage compared with others, in 
cost, size, and performance. 


Motor and supply rating also arise in the case of auxiliaries 
and, more acutely, in the case of those auxiliaries operating 
under highly sensitive and accurate position control. The peak 
accelerating torques may well dictate the size of the machine 
and of the supply while the reduction of motor inertia may, as 
the authors point out, necessitate the use of forced ventilation. 
As an aside here, may I ask whether forced ventilation from 
the commutator end is better than blowing air through from 
the other end? Is it not better to exhaust the air and any 
carbon dust at the commutator end? 

For the power supply to the main drives the paper clearly 
shows advantages and disadvantages of mercury-are convert- 
ers. More information as to the nature, the amount, and fre- 
quency of the harmonic currents likely to be drawn from the 
supply might have been included. Furthermore, a comparison 
between supply capacities and the size of the largest mereury- 
arc rectifier reversing drives permissible on such supplies 
would be a useful guide for many applications. 

When comparing mercury-are and Ilgner sets, the authors 
are somewhat tentative in their figures of savings in energy 
cost when they say that these may be ‘up to 10% or more’. 
How much is ‘or more’? Would it not be better to say, ‘up 
to 20%"? 

On variable voltage drives fed from mercury-are rectifier 
converters the power factor deteriorates as the voltage is 
lowered. The authors should have included this as one of the 
disadvantages of the system compared with the synchronous 
motor-driven MG set, a fair comparison in that neither can 
have a buffer energy store. 

For the supply to auxiliaries and for the excitation system 
there is no doubt that static converter systems other than 
mercury-are rectifiers will be used in the not-too-distant 
future. As the authors hint, we shall see static conversion 
equipment not of the mereury-are type but possibly of the 
semi-conductor type. 

The part of the paper dealing with automatic control raises 
certain questions of fundamental importance. As the authors 
say, to improve productivity, marginal losses in the efficiency 
of operation should be reduced, and this can be done by intro- 
ducing automatic methods. It is doubtful, however, whether 
full consideration has been given in the industry as a whole to 
all the aspects of making automatic actions which were 
originally carried out by hand and, more recently, under hand 
control but motor driven. 

One fundamental issue which arises is the question whether 
electric motors are the right actuators for some of the motions. 
An electric motor is not necessarily the best for driving a 
linear motion, and the screwdown drive is a case in point, 
although here the mechanical advantage of a screw mechanism 
is probably a good reason for persisting with this means of 
operation. 

The positioning of the side-guards is a motion which more 
obviously could be approached with hydraulic methods in 
mind, not merely because of its linear motion but mainly 
because hydraulic methods might lend themselves better to 
being part of a position control servo system. 

As the authors have shown, fast responses are necessary in 
order to obtain shortened overall times of the rolling pro- 
grammes. But these fast response times cannot be obtained 
with high static friction, high inertia, and backlash within a 
closed-loop servo of the position control type. 

Much attention has been given during the last 20 years to 
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the fundamental mathematical principles underlying ciosed- 
loop control and to electrical, hydraulic, and pneumatic 
methods of achieving very high accuracies and excellent dyna- 
mic characteristics. The state of the art is so well developed that 
as far as the closed loop of the controller is concerned, any 
statie accuracy and transient response required in practice can 
be achieved. 

The trouble arises when one combines the controller, an 
excellent closed-loop control system, with the driven mechan- 
ism, in servo terminology the ‘plant’. In many instances, par- 
ticularly in the position control field, the plant characteristics 
limit the overall performance, and the main trouble, as the 
authors point out, is stiction. This is vexing to those aware of 
the capabilities of the highly developed closed loops, and par- 
ticularly vexatious to those of a mathematical turn of mind, 
because stiction completely upsets their beautiful calculations, 
which are comparatively straightforward when based on 
linear parameters. 

So serious is the effect of stiction, as is evidenced from the 
paper, that attention should be paid to reducing it and making 
it comparable in value with the running or viscous friction, as 
has been done in other industrial applications, for instance in 
profiling machine tools. After all, what is a rolling mill other 
than a machine tool? 

Good performance will not be attained until the design of 
the driven mechanism is reviewed. A rapid-acting position 
controller cannot in all cases be applied to a mechanism suit- 
able for hand operation or even for motor operation under 
velocity control. The motors, actuators, their supplies, and 
driven parts, have among other factors to be designed to suit 
the high accelerating and decelerating torques. 

The authors and others concerned with the design of control 
systems are to be complimented on the way in which they are 
pushing ahead with the improvement of their performance, 
but they are up against limitations outside their control. 
Close co-ordination of the design of the driven parts and the 
design of the controller is essential if the best use is to be made 
of the programme control devices so adequately dealt with by 
the authors in the latter part of an excellent paper. 


Mr Brown (in reply): We accept the comments on references. 
While certain of the material in the second half of the paper 
has not previously been referred to there are, we agree, many 
references dealing with the fundamental problems involved 
and a short list is given at the end of this reply. 

We also accept Mr Ovens’ suggestion for using the word 
‘greatest’ instead of ‘maximum’ when referring to rms torques. 
His reference to terminology brings out a point which was not 
stressed in the paper. The correct definition and understanding 
of terms has always been of great importance and this is par- 
ticularly so with automatic control. In fact, the more complex 
systems become, the more important it is to have a clear 
understanding of what we are talking about. The specification 
of the performance requirements of automatic position control 
is an excellent example of this, and still all too frequently 
instances occur where very stringent specifications are issued 
stating extreme degrees of accuracy where in fact what is 
required is a consistency of performance to the degree stated, 
under known conditions, 

Departures from British Standards for machines have arisen 
of course, because these standards were in the main written 
for general-purpose industrial motors and were not intended 
to cover completely the case of heavy industrial drives. The 
departures are, however, in the direction of giving more value 
for money and not less. There are, of course, other conditions 
specified in British Standards besides overloads and tempera- 
ture rises. Perhaps the most satisfactory solution is for the 
manufacturer to make reference to the relevant British 
Standards and to state departures therefrom. In fact B.S.2613 
does make specific provision for agreement between the user 
and the manufacturer for a modified rating specification to 
meet special duty cycles. 

Mr Ovens is correct in his interpretation of the meaning we 
intended in our statement concerning flexibility in future 
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policy towards rating standards. However, our main point is 
that any consideration should always go beyond the design of 
a particular unit in the system. To obtain the most effective 
system the design of the whole system and the compatibility of 
the units contained within the system must be considered. 

Mr Ovens asks whether it is not better to exhaust the air 
and any carbon dust from the commutator end of an auxiliary 
motor. The advantage of blowing the air in at the commutator 
end is that it helps to keep the commutator cool. The construc- 
tion of mill-type motors is such that pulling the air through 
the machine from the commutator is not detrimental. For this 
reason introducing the air at the commutator end has been 
universally adopted. 

We did not enter into the detailed consideration of the 
effect of harmonics on the supply system because of the 
general nature of the paper. At present in the UK very careful 
consideration has to be made in each specific instance. Refer- 
ences 5 and 6 at the end of this discussion review the funda- 
mentals of the problems involved. The frequency and ampli- 
tude of the harmonics generated by a given type of rectifier 
connexion are fixed and in fact are stated in B.S.1698 (1950). 

No fixed rules have yet been laid down for the percentage 
harmonic currents that can be permitted but recommendations 
have been put forward by the CEGB for the guidance of area 
boards. At present these recommendations cover only free- 
firing rectifiers, and to adapt these for use with grid-controlled 
rectifiers, the amount of harmonic increase due to grid control 
must be calculated and the resultant reduction factor applied. 

For savings in energy cost, we have estimated figures of 
11-12% and we have one isolated case where we estimated 
15%. We are awaiting further experience to confirm our 
estimates. All indications are, however, that the saving should 
be up to 10% in the majority of cases. 

We completely agree with Mr Ovens’ concluding remark. 
The larger the scope of the system concerned the more im- 
portant it is that we maintain a flexibie mind in order that we 
choose the correct method of achieving any of the functions, 
even though this method may be a radical departure from 
previous practice. To obtain the most satisfactory system a 
close co-ordination of all the parts of the system is essential, as 
we have already mentioned. This will require the co-operation 
of the engineers concerned, on all aspects of equipment design 
and works production, far more so than has been necessary in 
the past, and to an increasing extent as systems become more 
complex. 


Mr P. Watkins (AEI Heavy Plant Division): May I congratu- 
late the authors on what I consider to be’an excellent presenta- 
tion of the trends in electrical equipment and some of the 
factors which influence those trends for plate mills. 

I am pleased that the authors have drawn attention to the 
difference in the peak torque characteristics compared with 
the normal continuous torque according to UK, US, and 
Continental standards. Unless this is properly understood, 
considerable misunderstandings can arise when a British 
electrical manufacturer is asked to supply a main drive for a 
mill based on foreign design, or even supplied by a foreign 
mill maker. 

In these cases, when specifying a maximum torque, the 
purchaser should state whether this is the cut-out or the 
maximum working peak and whether the drive has been rated 
in accordance with British, Continental, or NEMA standards. 

It will be readily seen that for the same maximum working 
peak, the rms rating would be substantially different, depend- 
irig on the standard used. 

On large reversing mills, in order to calculate the actual 
rms of the duty cycle it is necessary to have complete know- 
ledge of the rolling programme and also the inertia of the 
rotating masses. Up to recent years this usually meant that the 
electrical manufacturer was called upon to do a detailed calcu- 
lation, but the tendency now seems to be for the purchaser or 
the mill maker to specify the rating based on experience in 
other mills. 

It is therefore important that the principles on which the 
rating is based should be borne in mind particularly where 
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rolling practice indicates that the normal ratio of peak to rms 
torque may need further consideration. 

While on the subject of the torque curves, I think there is a 
small error in the paper. It is stated that curve C in Fig.2 is the 
curve of cut-out torque whereas when reading the paper the 
authors said that it was maximum working peak, which is in 
fact true. It is also stated that curve B is the typical UK 
characteristic, but this is not strictly true if we interpret 
‘typical’ to mean ‘usual’. A machine can be designed with the 
working peak torque capability falling off above twice the 
base speed if the rolling conditions allow it, but a very careful 
investigation of the rolling programme would have to be made 
before I would consider it wise to put in a machine with a 
characteristic falling off in this way. Normally, if the machine 
were specified with 24-1 speed range, it would be arranged that 
the inverse relationship between torque and speed was held 
right up to the maximum speed. 

I think that all electrical manufacturers would endorse the 
use of static conversion equipment wherever possible for the 
reasons stated by the authors. However, progress in this field 
will be dependent on the suitability of the supply systems 
available, and the continued co operation of the electricity 
authorities will be essential, particularly in regard to the 
questions of permissible voltage dip and harmonic interference. 

The curves produced by the electricity authorities to date 
relating system capacity to converter load do not entirely cover 
reversing mill duty. However, several such equipments are 
being installed at the present time and it is to be hoped that 
some statement of future policy will be forthcoming when the 
effects of these equipments on the supply system have been 
analysed. 

On the subject of static control equipment, each application 
should be considered strictly on its own merits and the ques- 
tion kept in the right perspective. Where reversible outputs 
are necessary and extremely high accuracies are not required 
there is no doubt that the rotating amplifier has a great deal 
to commend it. Where large power outputs and high degrees 
of forcing are required, the magnetic amplifier with reversing 
output is a far more expensive piece of equipment than the 
equivalent rotary amplifier, and there is nothing to be gained 
by interposing a pilot exciter between a low-power static 
amplifier and the large main exciter. 

Static amplifiers come into their own only when the main 
equipment is static. The generator scheme using MA con- 
verters for excitation is a good example of this, and the com- 
pletely static installation using MA converters to supply the 
main motor is even better. 

There is no doubt that the days of the magnetic amplifier 
are numbered, as rapid advances are now being made in the 
field of semi-conductors. 

On the choice of scheme, the first consideration is one of 
economics. As the Chairman said yesterday, if you had un- 
limited money you could have the perfect mill. There is no 
doubt that the cross-connected or ‘figure eight’ converter 
scheme is the most obvious and elegant method of obtaining a 
smooth transition from rectifying to inversion, but it involves 
doubling up on the rectifiers and makes the transformer more 
expensive. It would normally be considered at the moment 
only where absolute continuity of torque was essential to the 
operation of the mill. Economically there is very little to 
choose between the armature and field reversal schemes. The 
first involves a reversing switch and its control, and the second 
requires doubling up on the field converter to reverse the field. 

I should like to dispel any fears about the reliability of the 
reversing switch. Switches are available in the UK which are 
very compact and entirely suitable for the duty imposed on 
them. Control systems are doubly interlocked to prevent 
operation while there is current flowing through the circuit. 

The use of laminated motor frames is recommended to assist 
commutation during very high rates of current change, and 
these become practically essential for a field reversal scheme. 
Mercury-are converters, as we all know, are subject to back- 
fires under certain conditions, and even though precautions 
are taken to control temperatures etc., they are never entirely 
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eliminated. On certain types of mill, continuity of supply is 
regarded as essential while a piece is in the mill, This possibly 
does not apply to plate mills as such, certainly not to single- 
stand mills unless extremely long lengths of plate are to be 
rolled. A figure was mentioned yesterday of 90 ft, in which 
case it might be considered desirable to have continuity of 
supply in the event of backfire. I should like to know the auth- 
ors’ views on this, particularly with respect to tandem rolling. 

On the automation of mill controls, there is no doubt that 
techniques will advance as more and more attention is devoted 
to the subject. Of the storage systems mentioned in the paper, 
I would recommend either the tape or card systems as being the 
best at the present time from the point of view of simplicity 
and flexibility. Programme information can be quickly coded 
and typed out, and modifications to programme stores can be 
quickly carried out. Programme sorting on a reel of punched 
tape is extremely rapid using the system described in the paper 
and developed by AEI. I feel personally that the relay system 
is out-dated, involving, as it does, multi-contact selector 
relays. It is also rather inflexible and modifications to pro- 
grammes are more difficult than with either cards or tape. 

It is important to realize that automation of the mill itself is 
not the complete answer. Consideration must be given to the 
whole production line, from customers’ orders to shipping. It 
is only in this way that the full benefit can be obtained from 
automation in the effort to increase overall productivity. 


Mr Brown (in reply): I am glad that our thoughts coincide so 
much on the points Mr Watkins mentioned. For the correct 
application of a drive a thorough understanding of what that 
drive will do, together with a detailed knowledge of the duty 
cycle required and complete details of the mill equipment are 
essential and we thoroughly endorse what he has said on 
this aspect. As engineers attempt to get more and more out of 
mill plant this aspect becomes of increasing importance. 

The torque characteristic curve which we showed was a 
typical curve and we agree that the point at which the working 
peak torque falls more rapidly than the inverse relationship 
between torque and speed, varies according to design and the 
particular top speed required. This aspect was shown, how- 
ever, as it is a point which must be borne in mind because it 
can effect the design of large single armature high-speed motors 
on which a high ratio of top speed to base speed is required. 

We agree about the rotating amplifier. In many cases it is a 
very good piece of equipment for the job to be done, and it 
often gives the most economic solution to the problem. Never- 
theless, static converters are being used increasingly for excita- 
tion supplies and as amplifiers. In some cases a gain is obtained 
in running efficiency but the main reasons for their use are the 
fact that they are static and also because they lend themselves 
to building in with the control boards and hence reduce the 
amount of installation work to be done on site. 

I heartily endorse Mr Watkins’ remarks about reversing 
switches. Until recently there is no doubt that many users 
were worried about the reliability of such equipment but it 
must be remembered that the control circuit is arranged to 
prevent armature current flowing, by means of the rectifiers 
grid control, before operating the switch. Reliability of the 
reversing switch is therefore mainly a question of mechanical 
operation. This reliability can undoubtedly be provided in 
switches which still have very short operating times. 

Many modern reversing mill motors already have laminated 
field frames and I agree this feature is becoming more desirable 
as we improve the control of the motor field. 

For reversing mill drives we do not consider it is essential to 
ensure continuity of supply in case of a backfire. In the 
majority of cases the additional expense and complication is 
not justified. The essential feature is to ensure that control can 
be quickly regained after a backfire so that rolling can be con- 
tinued, i.e. much the same as for an overload trip. In other 
types of drive where continuity of supply is essential we have 
used anode fuses with alarm indication, to clear the anode con- 
cerned, or auto-reclose high-speed breakers connected to a 
number of sub-groups of tanks, operating in parallel. 
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Turning to automation of mill controls, the uniselector relay 
system which was introduced by BISRA some years ago is a 
system which uses existing standard components and is very 
simple for the mill operator to use. Although it might be 
superseded by card readers and computers, the basic idea is 
sound and should not be forgotten because it often provides a 
simple answer to a fairly complex problem. 

We fully endorse Mr Watkins’ last remark. The mill is only 
one unit in the production line and while much can be gained 
by automatic control of each unit the full benefits of automa- 
tion will only be obtained when it is applied to a complete, 
fully co-ordinated production line. The speed with which we 
achieve that ideal will depend on our sense of adventure, our 
willingness to explore and to learn, and our determination to 
get there. 


Mr T. Gexon (Consett Iron Co. Ltd): ‘Automation’ is a word 
which, not without justification, makes managing directors, 
production managers, and mill managers shudder. In various 
parts of the world there are mills which are claimed to be auto- 
matic, but when one goes round these plants they are invari- 
ably in part, if not wholly, out of commission and working 
under manual control. 

At Consett we have been rather cautious. We have preset 
control on the screw-down, not programmed; we preset for 
each pass. The main tables are individually driven. These are 
tied in and speed matched with the mill. For the ordinary 
operation of the through passes we have the sideguards tied 
with the mill, but when we come to turn the slab we use 
manual exyntrol. 

It is interesting to note that with the mill in normal opera- 
tion, main tables, breast rolls, and sideguards operating from 
the main drive control, the sideguards ‘short stroke’, i.e. the 
sideguards receiving the slab or plate open out a predetermined 
amount 10-20 in, while the sideguards on the entrance side of 
the mill remain positioned to guide the piece into the rolls. 

At Consett we have gone ahead with the first twin reversing 
drive with mercury-arc rectifiers. There is one at Darlington of 
about 750 hp and questions were asked earlier at this meeting 
about information available on the capacity of the system 
which can take these loads. Our mill has a cutout at just over 
30000 hp. The CEGB and NEB, in investigating the poasi- 
bility of accepting this load, took into consideration the whole 
of any existing rectifiers and also all synchronous machinery. 

Our present system is 500 mVA and our generating capacity 
is 45 mW. Most rectifiers we have are 12 phase. In the first 
stage of development with the 132-in mill the rectifiers will be 
12 phase. The fault level at the end connexion is 2400 mVA 
and the level of our own system is lifted to 750 mVA. 

With the mercury-are drive it is interesting to note than in 
1958 during a discussion* I said that it would be a very bold 
man who went in for the mercury-are drive on a big mill and 
that the management would need some convincing! I trust 
that they will have no cause to regret their decision. 

The authors did not state that there was considerable 
capital saving with mercury-arc rectifiers in place of the ortho- 
dox method and that possibly this saving is greater on a plate 
mill where the induction motor approaches the rms rating of 
the mill. 

At Consett nine or ten years ago we carried out a scheme of 
development in a slabbing and roughing mill. Already it is 
obvious that the savings in capital in buildings and founda- 
tions with the new mill are significant. There is also a saving 
in the time in putting up the foundations. No doubt that will 
also apply to the installation. 

Mr Ovens mentioned the effect of voltage drop. In the first 
stage the rectifiers are going in as 12 phase. If later we put in 
@ roughing mill of capacity similar to the existing mill, that 
will be phased to give 24 phase. The whole job has been worked 
out and balanced to give the minimum effect of harmonics. 

Mr Brown mentioned that the governing factor with mer- 
cury-are rectifiers was connected with voltage drop and that 





* Discussion on the Ward-Leonard principle in steelworks: 
JISI, 1958, 189, 344-350. 


this had more effect on television than on lighting. In that 
respect it is singular that with the Consett installation the only 
television equipment affected is that in our managing director’s 
residence! He takes a supply from the system; no doubt we 
will have to arrange for a separate supply to his television. 

Finally, I must raise one objection. A slide showing magnifi- 
cent rectifier equipment which, incidentally, has been supplied 
to Consett, was described by the authors as ‘hardware’! 


Mr N. D. Hyde (Appleby-Frodingham Iron and Steel Company): 
Could the authors elaborate a little on the factors which 
affect the choice of mercury-are as opposed to rotary conver- 
sion for auxiliary drive? 


Mr Brown (in reply): For auxiliaries, mercury-are converters 
still offer the advantages of more rapid control, easier main- 
tenance, less noise and heat, and combined converter and 
control boards. However, the initial capital cost of the elec- 
trical equipment will usually be greater for the mercury-arc 
converter than for the MG set, particularly where back-to- 
back converters are required. The actual difference in cost of 
the two systems depends on the rating and duty cycle in each 
particular case. Energy costs will tend to be slightly less for 
the mercury-arc equipment but on a high-output mill the 
difference is not expected to be great. 

The mercury-are equipments for auxiliaries usually occupy 
more space than MG sets, particularly where back-to-back 
converters are required. Since auxiliary MG sets do not usually 
require heavy foundations mercury-arc converters do not 
usually offer any advantage in this respect. 

I hope that what I have said answers the question in general 
terms. There will be a general trend towards static supplies for 
auxiliaries but at present each case should be given individual 
consideration before deciding upon the best system to adopt. 


WRITTEN CONTRIBUTIONS 

Mr A. R. Parrish (W.S. Atkins and Partners) wrote: It is well 
known that the electricity supply authorities in the UK have 
been very conservative in their approach to the imposition of 
large fluctuating loads on their systems. There appears to be a 
general belief that the criteria which the CEGB uses in deciding 
whether or not to allow a rectifier-fed mill or an arc-furnace to 
be connected to its system are still too severe, and I wonder 
if the authors would give their own views on the appropriate 
limitations. Mention was made in the discussion of the sensi- 
tivity to flicker voltages of television sets but, in any case, I 
think that American data based on incandescent lamp flicker, 
should be used with caution because of the greater thermal 
capacity of the thicker filament wire used in the American 
115-V lamp, compared with the British 240-V lamp. 

In response to the appeal in the discussion for a more 
extensive bibliography, some references on flicker may be of 
interest.” 

The authors are undoubtedly correct when they say “The 
only static conversion equipment at the moment that can 
meet the requirements of reversing mills is the mercury-arc 
converter . . .’, but I wonder if they would be prepared to look 
beyond the present and give their views on the possible future 
application of grid-controlled semi-conductor rectifiers. 


Authors’ written reply 

At present an investigation into these conditions is being 
carried out by the CEGB in conjunction with the ERA in order 
to determine definite limits of acceptability of voltage dips. 
This is, of course, an extremely difficult problem since the 
limits of acceptability are largely a matter of personal opinion. 
In the absence of information applicable to the UK the limits 
set have had of necessity to be somewhat arbitrary and to err 
on the conservative side. 

The allowable limits vary with the particular circumstances. 
They can only be arrived at after consideration of several 
factors. These include the permissible amplitude and frequency 
of voltage dips generally acceptable for the supply system 
concerned, the ‘stiffness’ of a supply system and the presence 
of any particularly susceptible adjacent loads. Where the 
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supply system is feeding a general area including domestic and 
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While for the smaller auxiliary drives we feel it is safe to say 





t other loads the voltage dip is usually limited to 1% or less. that controlled semi-conductor rectifiers will be used fairly 
y The problem can be eased by using an industrial bus system soon, we do not feel that the picture is sufficiently clear to say 
8 where the domestic load is completely isolated from the that they will find application on larger drives for several years. 
e industrial load but these cases are rare in the UK.Inthe Ruhr, The main problem is, however, one of cost and if large, reason- 
we believe, the majority of the industrial load is taken from a ably priced, reliable devices become available then we can 
2 separate system which is only coupled to the domestic load at expect them to be used for large drives. 
d @ point with a high fault capacity. For this reason we believe 
that higher voltage dips are permitted on Continental supply REFERENCES 
systems than would be the case in the UK. 1. A. Tustin: Proc. JEE, 1947, 94, (2a), 143-151. 
): Several Continental steelworks equipped with large con- 2. J. G. Truxat (Ed.): ‘Control Engineers Handbook’, 1-86; 
h verter-fed reversing mills are operating with voltage dips of the 1958, New York, McGraw-Hill. 
- order of 5%. Where alternators are coupled to the works 3. W.N. Jenkins: JISI, 1958, 188, 157-167. 
system this figure can be reduced appreciably if very high- 4. J. D. Coonry and B. K. Lepcerwoopn: Control Eng., 1958, 
* speed excitation systems are used on these. 5, 67-98. 
; We would agree that great care must be exercised when 5. T. E. Catvertey: English Electric J., 1954, 13, 206-219, 
d applying the results of tests in the USA to problems existing 243-259. 
“4 in the UK. 6. J.C. Reap: JIEE, 1945, 92, 495-509. 
os Controlled semi-conductor rectifiers will undoubtedly play 7. ‘System capacity required for 3-phase are furnaces’, 
“a @ very important part in future mill drive systems. They are AIEE paper 54-481; ‘Are furnace installations and lamp 
f already available for small drives. More operating experience flicker, ibid., 57-9; ‘Voltage dips and flicker’, ibid., 56-637; 
h is required with these relatively new devices before they will ‘Ignitron rectifiers for reversing mill drives’, ibid., 58-218 
- be universally applied, but this experience is being gained. (discussion by Haessler). 
) 
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An appreciation of the late Eugene Gifford Grace, 
or 
7 from the Bethlehem Steel Company 
iv. 
Eugene Gifford Grace, for many years a leader in the American steel industry 
oll and long the active head of Bethlehem Steel Company, died at his home in 
ve Bethlehem, Pa., on 25 July 1960, at the age of 83. 
of Mr Grace was born in Goshen, NJ, on 27 August 1876, the son of John W. 
a and Rebecca (Morris) Grace. He attended the Goshen public schools, later was 
ag graduated from Pennington Seminary, Pennington, NJ. He then entered 
to Lehigh University, where he was graduated in 1899 as class valedictorian, with 
er a degree in electrical engineering. 
te Within a few days after commencement he entered the employ of Bethlehem 
si- Steel Company, in the Bethlehem Plant. The company at that time was only 
I a small local enterprise specializing in ordnance, rails, and a few other miscel- 
ar, laneous products. His first job was crane operator. In 1902 he was advanced to 
al superintendent of yards and transportation. 
an In 1904 Charles M. Schwab purchased the plant at Bethlehem and, combin- 
ing it with other properties, formed Bethlehem Steel Corporation. He soon 
re recognized the uncommon talent and energies of young Grace, and sent him to 
of Cuba to reorganize the ore properties which the company then had there. 
When Mr Grace returned from the successful completion of that challenging 
he mission, he was made general superintendent of the Bethlehem Plant. His first 
an major responsibility in that capacity was to supervise construction of the Grey 
ire mill, rolling the new wide-flange structural sections which changed the skyline 
ok 





of America by making possible the economical construction of skyscrapers. 

ire Further advancements came rapidly to the young steelman. In 1908 Mr 
Schwab named him general manager of the company. In 1911 he rose to vice- 
president; in 1913 he was named president of the company; and in 1916 he 
became president of the corporation. In that capacity he served as directing 


ing head of Bethlehem during its peak war effort, when it was supplying large 
ler quantities of steel and ordnance materials to the United States and its allies. E 
ps. There followed the reconverting of the company’s war-oriented facilities to 3 
che peaceful purposes, together with the long-range task of building up its capacity a 
on. through expansion of facilities and acquisitions, together with the gradual shift 4 
its of emphasis from heavy to light products. : 
err Side by side with the company’s material growth, progress was made on the 

human side. Mr Grace was always actively concerned with the human factors 
8. in industry. ‘Any enterprise,’ he once said, ‘is no more and no less than a 
ral collection of human beings.’ That belief was the motivating force behind his 
icy many pioneering moves in the interest of employee benefits and better em- 
em ployee relations. He early set up a department whose responsibility was the 
nce handling of industrial relations and other personnel matters. 
the 
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The Medal of The Iron and Steel Institute 


The 





During World War I, at a time when the promotion of safety was not taken 
for granted as it is today, he set up a safety programme in the company’s steel 
plants and shipyards. Other advances on the human side which he pioneered 
were the Bethlehem relief plan, to protect employees and their families against 
the hardships resulting from sickness and death, and the Bethlehem non- 
contributory pension plan, which went into effect in 1923, 13 years ahead of 
Federal social security. 

With the coming of the second World War, Mr Grace again made Bethlehem 
facilities available to the defence of the USA and its allies. During the six 
years of the conflict Bethlehem turned out over 73000000 tons of steel, and 
one-third of the armour and forgings for large-calibre guns for the US Navy, 
together with huge quantities of other war materials. The company’s Ship- 
building Division carried out the largest and most diverse programme ever 
handled by a private organization, building 1 127 fighting and cargo ships, and 
repairing, converting, and servicing over 37000 vessels. 

A signal wartime accomplishment by Mr Grace was the development of the 
Controlled Materials Plan, which aided the Federal Government in solving the 
complex problems of ordering and allocating vital steels on an orderly basis 
through a central clearing organization. 

Mr Grace continued, as chief executive officer, to direct the company’s opera- 
tions and its considerable expansion through the post-war years, until late in 
1957 when failing health compelled him to relinquish his major responsibilities. 
However, he continued his association with the company in an advisory 
capacity, remaining honorary chairman and a director until his death. 

Many honours came to Mr Grace in recognition of his accomplishments as a 
leader in the steel industry and builder of the enterprise he headed for so many 
years. These included the Gary Medal of the American Iron and Steel Institute; 
the Bessemer Gold Medal of The Iron and Steel Institute of Great Britain; the 
Rand Medal of the American Institute of Mining and Metallurgical Engineers; 
and the Gold Medal of The Pennsylvania Society. In 1957 he was made a 
‘Distinguished Life Member’ of the American Society of Metals. His honorary 
degrees include Doctor of Engineering, Lehigh University; Doctor of Laws 
Honoris Causa, Trinity College, Hartford, Conn.; Doctor of Laws, Moravian 
College and Theological Seminary; and Doctor of Commercial Science, New 
York University. He served for many years as president of the Board of 
Trustees of Lehigh University, and later as honorary chairman of the Board. 

Mr Grace's wife, Marion Brown Grace, died in 1956. He is survived by two 
sons, a daughter, eight grandchildren, and six great-grandchildren. 


Medal of The Iron and Steel Institute 


The Medal of The Iron and Steel Institute was established in July, 
1960 by the Council of the Institute, to be presented on special occa- 
sions to societies which, in the opinion of the Council, have ren- 
dered exceptional service to science or industry over a lengthy period. 

The first Medal of The Iron and Steel Institute was offered to the 
Royal Society, in recognition of the Society’s unique service to 
science over a period of 300 years. It was presented by the Hon. 
R. G. Lyttelton, Past-President of The Iron and Steel Institute, at 
the Tercentenary Celebrations of the Royal Society on 18 July 1960. 

The second Medal was offered to the Verein deutscher Eisen- 
hiittenleute to mark its first centenary, 1860-1960. It was presented 
by Mr W. F. Cartwright, pD.L., J.P., President of The Iron and Steel 
Institute, at the ‘Eisenhiittentag’ celebrations in Diisseldorf during 
the first week in November. 


The photograph shows the Medal of The Iron and Steel Institute, actual 
size. The Medal presented to the Royal Society was inscribed ‘To 
Commemorate | The Royal Society| The Tercentenary 1960’. The 
Medal presented to the Verein was inscribed ‘The Verein deutscher 


_ Eisenhiittenleute | 1860-1960’. 
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NEWS 


THE IRON AND STEEL 
INSTITUTE 


Annual General Meeting 1961 


The Annual General Meeting of the Institute 
will be held in London on Wednesday and 
Thursday, 3 and 4 May 1961. There will De two 
parallel technical sessions, devoted to ‘The use 
of computers in the iron and steel industry’ 
and to ‘Structural processes in creep’ respec- 
tively. Full details will shortly be announced 
in the Journal. 

The Dinner for Members will be held at 
Grosvenor House, Park Lane, London W1, on 


the evening of Wednesday, 3 May. 
Election to Council 


Mr H. W. A. Waring, c.M.c., deputy chairman 
and general managing director of GKN Steel 
Company Ltd, has been elected a Member of 
Council. 


Iron and Steel Engineers Group 


The next meeting of the Iron and Steel 
Engineers Group will be held at the Offices of 
the Institute on the afternoon of Wednesday, 
oo and all day on Thursday, 2 March 

There will be two papers for discussion, on 
mechanical and electrical features of the 
Lackenby beam mill of Dorman Long (Steel) 
Ltd, and the development of electric drives 
and control for high-speed cold-reduction 
mills respectively. 

The full programme and registration forms 
will be circulated to Members shortly. 


NEWS OF MEMBERS 


Mr W. F. Cartwright (President of The Iron 
and Steel Institute) has been elected an honor- 
ary member of the South African Institute of 
Mining and Metallurgy. 


Sir John Duncanson (Honorary Vice- 
President) has been awarded the gold medal 
Scientia et Divulgatio of the Rassegna Inter- 
nazionale Elettronica Nucleare e Teleradio- 
cinematografica, Rome, for outstanding work 
in the field of nuclear engineering. 


Mr A. N. Bicket has resigned from the board 
of the Barrow Haematite Steel Company. 

Mr 8. H. Brooks has been appointed works 
manager (iron) at the Appleby-Frodingham 
Steel Company. : 

Mr G. R. Buckley, previously assistant 
managing director of the Stanton Ironworks 
Co. Ltd, has been appointed a deputy manag- 
ing d irector of the company. 

r H. Stewart Graig has retired as chairman 
of the directors of Llanelly Steel Co. (1907) 
Ltd. 

Mr Ambrose Firth has retired as joint man- 

ng director of Brightside Engineering 
Hines Ltd. He remains a member of the 


nos T. ©. Firth is now managing director of 
Brightside  owent Holdings, Ltd. 

Mr K dones has been appointed a direc- 
tor of Tiewalty Steel Company (1907) Ltd, and 
has been elected chairman. 

Mr J. D. Joy, director and deputy general 
branch manager of Appleby-Frodingham 
Steel Co., has become director and general 
manager. 


Mr J. T. Kowalezyk is now manager of 
STAMFOR, Estampado y Forjado SA, San 
Francisco, prov. Cordoba, Argentina. 

Dr D. McLean, of the National Physical 
Laboratory, has been promoted to the grade 
of Senior Principal Scientific Officer. 

Dr J. A. Naismith has been appointed to the 
board of W. T. Flather Ltd. 

Mr G. Short has left Arthur Lee and Sons 
Ltd to become assistant works manager, 
rolling mills, at the Spencer Works of Richard 
Thomas and Baldwins Ltd. 

Mr E, M. Summers has been appointed a 
director of the Stanton Ironworks Co. Ltd. 

Mr J. B. Thickins has been appointed chief 
metallurgist of the Spencer Works of Richard 
Thomas and Baldwins Ltd. 

Mr M. 8. i has been appointed a 
director of — Steel Company (1907) Ltd. 

Mr D. R. h, 0.B.£., has been 
appointed a Pc of Barrow Ironworks Ltd. 

Lt-Cdr G. W. Wells, p.L., managing director 
production, of The United Steel Companies 
Ltd has become chairman of the Appleby-Frod- 
ingham Steel Company. 

Mr 6. H. Wilson has been appointed a 
director of the Stanton Ironworks Co. Ltd. 

Mr M. G. Wright is now a physical metal- 
lurgist with the atomic energy division of the 
General Electric Co. Ltd. 


Obituary 


Dr Franz Leitner, DR.MONT., DR.TECHN., 
DIPL.ENG. (elected 1951), of Wartberg im 
Mirztal, Austria, on 16 August 1960. 

Mr A. P. Taylor-Gill (elected 1946), of Sheffield, 
on 20 November 1960. 


AFFILIATED LOCAL 
SOCIETIES 


Sheffield Metallurgical Association 


The Association’s Spring lecture programme 
1961 is as follows: 
10 Jan.* Analysis group—Annual General 
Meeting 
17 Jan.* Refractories group—Annual Gener- 
al Meeting 
24 Jan Association Annual General Meeting 
31 Jan. ‘Tool Steels’, by G. Hoyle 
7 Feb.* ‘Ion exchange—its development, siq- 
nificance, and use for ferrous anal- 
ysis’, by Dr V. E. Gripp 
14 Feb. ‘Some factors affecting impact prop- 
erties’, by F. W. Bygate 
21 Feb.t ‘Some aspects of basic refractories’, 
by J. Owen 
28 Feb. ‘Martensite formation’, by Prof. 
W. 8. Owen—joint meeting with 
The Institute of Metals, Sheffield 
section 
7 Mar.* ‘The problems of ferro-alloy analysis’, 
by G. M. Holmes 
14 Mar. ‘Creep relaxation’, by J. A. Stafford 
20 Mar. ‘Technologists as successful manag- 
ers’, by R. Coverdale 
21 Mar.+ ‘Recent developments in steelmaking 
techniques’, by E. Davies 
28 Mar. ‘The role of ferro-alloys in modern 
steelmaking developments’, by Dr 
. M. Sage 
* Analysis group +t Refractories group 
All meetings will be held at BISRA Labora- 
tories, Hoyle Street, Sheffield. Refractories 
group meetings will begin at 7.30 pm; all other 
meetings begin at 7 pm. 


Announcements and News of Science and Industry 


VEREIN DEUTSCHER 
EISENHUTTENLEUTE 


‘Eisenhuttentag’ 1960 


The Verein deutscher Eisenhiittenleute cele- 
brated its centenary during the first week in 
November, when more than 5000 people, 
including 350 overseas visitors, met in Diissel- 
dorf. The West German Federal Chancellor, 
Dr Konrad Adenauer, addressed the assembly 
on the final day of the meeting. 

The Iron and Steel Institute was represented 
by the President, Members of Council, and the 
Secretary. Mr W. F. Cartwright (President) 
presented the Medal of The Iron and Steel Insti- 
tute to the Verein. (see opposite page). It was 
received by the Chairman, Professor H. Schenk, 
DR.ING. 

During the meeting the Carl-Lueg Medal, 
the highest award of the Verein was presented 
to Professor Robert Durrer, pr.1nG. (Member), 
and to Dr Otto Lellep, in recognition of their 
contributions to the use of oxygen in steel- 
making. 


BRITISH IRON AND STEEL 
RESEARCH ASSOCIATION 


Automation Conference 


The first conference on automation in the iron 
and steel industry was organized by BISRA 
and held at Buxton in October 1960. It was a 
closed conference at which Lord Halsbury 
gave the opening address, Mr 8. 8. Carlisle of 
BISRA gave a review of the present position 
regarding automation in the iron and steel 
industry, and was followed by Mr R. C. 
Gardner of The Reed Paper Group who 
delivered a paper on automation in the paper 
industry. The final session of the conference 
consisted of a ‘brains trust’ which produced 
much useful information, 

The object of the conference was to stimu- 
late interest in automation in the industry, 
spotlight the problems, and indicate possible 
solutions. BISRA hope that this conference 
will be followed by others which will consider 
more specific aspects of the subject. 


Satety posters 

‘An experiment on the effect of specially de- 
signed safety posters’ (BISRA Restricted 
report OR; HF/ 15/60) describes a research by 
§. Laner and R. G. Sell, carried out over 20 
weeks with the help of seven steelworks, The 
authors found that posters can be effective for 
as long as three months if the posters are 
designed not as general exhortations to caution 
but with a specific situation in mind and em- 
ploying positive instructions. Illustrations of 
the posters and a discussion of the experiment 
were published in the August 1960 issue of 
Safety. 


THE INSTITUTE OF PHYSICS 
AND THE PHYSICAL SOCIETY 
Annual Exhibition 


The annual exhibition of The Institute of 
Physics and The Physical Society will be held 
at the Royal Horticultural Society’s Old and 
New Halls, Westminster, London SW 1, on the 
following dates: 
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16 Jan. 10.30 am-7 pm (Members and 
press only 10.40 am-—2 pm) 

17 Jan. 10 am—9 pm 

18-19 Jan. 10 am-—7 pm 

20 Jan. 10 am~1 } m 


Demonstration-lectures will be given at 
5.45 pm as follows: 


17 Jan. Hydrodynamic research by F. 8. 
Burt (Admiralty Research Labora- 
tory) 

18 Jan. The physics of the oceans, by Dr. 
G. E. R. Deacon (National Insti- 
tute of Oceanography) 

19 Jan. Some physical once in travelling 
at supersonic speed by Dr F. P. 
Bowden (Laboratory for the Phys- 
ics and Chemistry of Solids, Uni- 
versity of Cambridge). 

Tickets are available from The Institute of 

Physics and The a Society, 47 Belgrave 

Square, London SW1 


EDUCATION 
Evening courses 


The Division of Metal Science of the Borough 
Polytechnic, Borough Road, SE1, has arranged 
two a ial evening courses for the Spring 
term 1961 


Recent indicate on non-electrolytic metal 
finishing: on Thursdays at 7 pm, beginning 
on 12 January 1961. 

Metallurgy of rarer metals: on Tuesdays at 
7 pm, beginning on 7 February 1961. 

Both courses will consist of six lectures, 
given by specialists. 


Apprentice training 
Colvilles Ltd have opened a new apprentice 
training centre at Moss End, Lanarkshire. The 
centre cost almost £250000 and has facilities 
for training 150 boys; there are departments 
for teaching engineering, foundry work, 
tern-making, technical drawing, and train- 
ing in the control of overhead cranes. 


Course on failure in engineering 


A special course of six lectures on the causes 
and prevention of failures is to be held at the 
Institute of Technology, Bradford, on suc- 
ceasive Wednesday evenings at 7.0 pm, begin- 
ning on 18 January 1961. Application forms 
and further information may be had from the 
Registrar, Institute of Technology, Bradford, 
Yorkshire. 


CONTRIBUTORS TO THE 
JOURNAL 


T. J. Pitt, pre.-recH., L.1.mM., a.c.T.(BrIRM.)— 
Research Assistant, Birmingham College of 
Advanced Technology. 

Terence John Pitt was born in 1937 and 
educated at Queen Mary’s School, Walsall, 
before joining the GKN Group Research 
Laboratories in 1953, After part-time study at 
the Wolverhampton and Staffordshire College 
of Technology he embarked in 1955 on a 
Diploma in Technology course at the Birming- 
ham College of Advanced Technology. During 
this time his industrial training was arranged 
at the GKN Laboratories. 

He has now returned to the Metallurgy 
Department of the Birmingham C.A.T. invest- 
igoting the dry corrosion of a range of nickel 

loys, to gain Membership of the College of 
Technologists. 

R. H. T. Dixon, a..m.—The Mond Nickel 
Company Ltd, Development and Research 
Cy artment, Birmingham. 

. T. Dixon was born in 1926 and educated 
= Handsworth Grammar School. After spend- 
ing a year with Tube Investments Ltd he was 
awarded a bursary by the Birmingham Brass- 
founders which enabled him to study metal- 
lurgy at the Birmingham College of Tech- 
nology, and to obtain an a.1.m. He then joined 
Mond Nickel, in whose Birmingham labora- 
tories he has studied electro-plating, high- 
temperature alloys, steel castings, and 





T.J. Pitt R. H. T. Dizon 


powder metallurgical processes, and where he 
is mow the leader of the cast iron research 
section. 

N. E. Moore, »s.sc.—Physical Metallurgist, 
Metallurgical Section, Research Department, 
AEI (Manchester) Ltd. 

Nigel Edward Moore was born in 1935 and 
educated at the Quakers’ Yard Grammar 
School and University College, Swansea, 
where he obtained his B.sc.(HoNs) degree in 
metallurgy and was awarded the Sidney 





J. A. Griffiths N. E. Moore 


Gilchrist Thomas Medal in 1957. In that year, 
he joined the Research Department of AEFI, 
where he has since been working on ferritic 
and austenitic steels for high-temperature 
applications. 

J. A. Griffiths Electron Microscopist, Scienti- 
fic Apparatus Engineering Department, 
Instrumentation Division, AEI (Manchester) 
Ltd. 

John A. Griffiths was born in 1929. After 
serving 24 years in the RAF, he joined the 
Nuffield Rheumatism Research Unit in Man- 
chester, and worked on photomicrography, 
microradiography, and medical illustration; he 
was for some years a member of the Institute 
of British Photographers, The Royal Photo- 
graphic Society, and The British Federation of 
Master Printers. In 1954, he joined the Outside 
Erection Department of Metropolitan-Vickers 
Ltd, working on high-voltage particle accelera- 
tion equipment, and in 1958 he took a post in 
the Electron Microscope Applications Labora- 
tory, where he is at present doing work on the 
application of the electron microscope to 
metallurgical problems. 


NEWS OF SCIENCE AND 
INDUSTRY 


Company news 


Mr J. F. Parker (chairman), Mr G. St J. 
Strutt, c.p.z., and Mr E. 8. Parker have 
retired from the board of British Rolling Mills 
Ltd. Mr J. F. Parker was a founder director of 
the company, Mr Strutt served as a director 
for 40 years, and Mr E. 8. Parker has been con- 
nected with the company for nearly 50 years. 
Mr R. LI. Lloyd has been appointed chairman. 


Mr G. W. Ashton (general works manager) 
and Mr J. Elliot (secretary and chief account- 
ant) have been appointed directors of Firth- 
Vickers Stainless Steels Ltd. 


Barrow Ironworks Lid have announced that 
Leopold Lazarus Lid of London and Birming- 
ham are now representing them through the 
Birmingham area and the south of England 
for the sale of hematite and semi-phosphorus 
pig irons. 
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Keeping reactors clean 


A ‘clean conditions shop’ in which certain 
critical parts of atomic reactors are assembled, 
has been set up at the Tollcross works of 
Stewarts and Lloyds, Ltd, Pipework Engineer- 
ing Division, Glasgow. 

The clean shop has a floor area of 7000 ft* 
and is divided into two main compartments, 
one for vacuum-cleaning and dipping the parts 
in protective coating, the other for final 
assembly. It is of dust-proof construction with 
double-glazed windows and _ rubber-edged 
doors. The floors have a special surfacing and 
the rest of the interior is finished with a special 
gloss paint which is free from any constituents 
that might contaminate the products. Elec- 
trically heated and very highly filtered air is 
supplied under pressure. Personnel enter 
through a changing room and wear special 
white overalls, caps, gloves, and rubber boots. 

The major assembly job at present bei 
carried out in the shop is an order of more than 
400 nuclear reactor control rod standpipes for 
the Hunterston nuclear power station. In 
certain circumstances the facilities of the shop 
may be made available to outside firms. 


BCIRA Thirty-ninth annual report 


BCIRA’s annual report for the year ending 30 
June 1960, includes summaries of the re- 
searches and advisory services carried out by 
its research and development departments and 
other sections; lists of member firms, and of 
lectures and papers delivered or published 
under its auspices; and its research programme 
for 1960-61, which besides studies in the 
association's. central field includes studies of 
corrosion, atmospheric pollution, foundry 
atmospheres, and various analytical researches. 

The report is available from the offices of 
the British Cast Iron Research Association, 
Alvechurch, Birmingham. 


Inco president in London 


Mr J. Roy Gordon, president of The Inter- 
national Nickel Company of Canada Ltd, held 
@ press conference on his recent visit to Lon- 
don, the first he has made since he succeeded 
Dr J. F. Thompson as president early last year. 
Mr Gordon gave a short illustrated talk on 
the company’s extensive project at Thompson, 
Manitoba, where a new nickel mining and pro- 
cessing plant, said to be the second largest in 
the world, has been established in just over 
five years in extremely difficult conditions. 


Lorry Mounted Crane Association 


The inaugural committee of the Lorry Mount- 
ed Crane Association formed at the end of 
1959 have now established rules of member- 
ship. The Association has set out to guarantee 
a minimum standard of insurance, safety, and 
reliability in lorry-mounted cranes, and hopes 
to rationalize legislation relating to their use. 
The headquarters of the Association are at 
301 Glossop Road, Sheffield 10, and further 
information is available from A. A. Greenfield, 
Stanch House, Bailey Lane, Sheffield 1. 


British Standard miniature smoke chart 


When the British Standard Ringelmann chart 
is used to assess smoke density, it needs to be 
located at a distance from the observer, and in 
a particular position in relation to the smoke 
discharge being examined. Such a limitation 
makes its use inconvenient in certain circum- 
stances and as a result BS2742, a miniature 
smoke chart, has been developed for this 
purpose, 

The grey shades painted on the chart have 
been found to give results in good agreement 
with those obtained by the Ringelmann chart. 
The miniature smoke chart is not, at this 
stage, offered as a complete substitute, but it 
it hoped that experience with it will confirm 
the preliminary findings and enable it to 
achieve equal status with the Ringelmann 
chart proper. An amendment (PD 3901) to 
BS2742 ‘Notes on the use of the Ringelmann 
chart’ has been issued to explain the method of 
use, and a summary of it is printed on the envel- 
ope containing the miniature smoke chart. 

Copies of this standard may be obtained 
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from the British Standards Institution, Sales 
Branch, 2 Park Street, London W1, price 3s 
single copies; 12 for 248, and 144 for £10. 
Postage will be charged extra to non-sub- 
scribers. 


NIFES in 1959-60 


The sixth progress survey and report of the 
National Industrial Fuel Efficiency Service 
surveys @ year of increased activity. An 
analysis of the industrial groups using the 
service shows 134 specifically in the iron and 
steel industry, and a further 722 in engineering 
and metals. 

Surveys have been made on boiler plant and 
steam distribution and most types of furnace, 
even lime kilns. In an earlier survey on rolling 
mill furnaces methods were described whereby 
fuel savings of 22% had been made. More 
recent work has been on steel forging and 
stamping shops and reheating furnaces, and 
results have lead to reduced fuel consumption 
as well as increased output, better furnace 
loading, and improved product quality. 

The report, which is finely printed and 
richly coloured, is available from area offices 
of NIFES or the head office at 71 Grosvenor 
Street, London W1. 


Contract News 


Quasi-Are Ltd have received an order from 
Sulzer Brothers of Winterthur, Switzerland, 
for a complete automatic welding installation 
for the fabrication of penstock pipes (as used 
in hydroelectric schemes). 

Wild- Barfield Electric Furnaces, Ltd, are at 
present fulfilling several contracts, including 
nearly 50 furnaces for India, a crystal pulling 
furnace for Belgium, and a high-temperature 
furnace for the Royal New Zealand Air Force. 

Thomas Smith and Sons (Rodley) Lid have 
received an order from the Admiralty for eight 
diesel shunting engines of 5-10 tons capacity, 
and two 10-ton diesel-electric shunting cranes. 
Delivery is for this year. 

George Wimpey and Co. in association with 
the United Engineering and Foundry Company 
of Pittsburgh, have been awarded a £440000 
contract for the installation of rolling mills at 
the new Spencer steelworks of Richard Thomas 
and Baldwins. 

Brown, Lenox and Co. Lid have received 
orders for £400000 worth of mill conveyors and 
equipment from companies including Richard 
Thomas and Baldwins, Colvilles, and the 
Steel Co. of Wales Ltd. 

The General Electric Co. Ltd have received 
two contracts totalling £362000 from Richard 
Thomas and Baldwins Ltd. for the Spencer 
Works; and an order valued at £139000 
for supplying and installing a turbo-blower at 
the Cleveland Works of Dorman Long (Steel) 
Co. Ltd. 


CORRIGENDA 


In the paper ‘Investigations of failures in a 
blooming mill’ by F. Z. Stacey (JISI, 1960, 
196, Oct., 195-207) the author has indicated 
two errors which occurred in the original 
manuscript. 

p.195, line 37, for 10500 ingot tons per year 
read 10-500 ingot tons per week. 

p-200, Table I ‘Typical monthly rolling 
cycle’. In col.1, week 3 should read week 4, 
and the analysis for week 3 is as follows: 
Description Finish dimensions 
Sheet, Bar 12 in wide, 0-25—0-9 in thick 


Slabs 10 in x 2 in up to 16 in x 2} in 

Billets 2} in x 2} in 

Tonnage Cogging dimensions 
2500 12} in wide x 2-24 in thick 
5400 + 10} in wide x 4} in thick 
3100 54 in x 5} in 

11000 


The paper ‘The physies of oxygen steel- 
making’ by C. Holden and A. Hogg (J ISI, 1960, 
196, Nov., 318-332) was wrongly ascribed to 
the Iron and Steel Engineers Group. Also, on 
p.327, Fig.7 related to the work of Holden and 
Hogg only, and the right-hand graph in Fig.8 
on the same page should have been credited to 
Fage and Sohameaae. 


CHANGES OF ADDRESS 
AND TITLE 


Samuel Osborn and Co. Lid, Sheffield, bave 
opened a new warehouse at 7 Millfields Road, 
Bilston, to stock tool steels, engineers’ sraall 
tools, and files for customers in Birming).am 
and Midlands. 

The Hydronyl Syndicate Ltd will in future 
be known as Hydronyl Ltd. 


FORTHCOMING CONFERENCES 
AND EXHIBITIONS 


Engineering, marine, welding, and 
nuclear energy 


The next Engineering, Marine, Welding, and 
Nuclear Energy Exhibition will be held at 
Olympia, London, from 20 April to 4 May 1961. 


Ninth Colloquium Spectroscopicum 
Internationale 


The Ninth Colloquium Spectroscopicum Inter- 
nationale will be organized by the ‘Groupe- 
ment pour l’Avancement des Méthodes 
Spéctrographiques’ (GAMS) and will take 
place at Lyons in the Palais des Congrés 
Internationaux from 5 to 10 June 1961. 

The topics covered will include: atomic 
spectroanalysis, nuchkear and radical spectro- 
analysis, and molecular analysis. The lectures 
will be of three kinds: authoritative lectures on 
their work by eminent scientists; reports from 
specialists on the most recent advances in var- 
ious fields of spectrographic chemical analysis: 
technical and scientific papers on original work. 

There will be a large exhibition of instru- 
ments in the International Congress Building. 
A whole day will be set aside for works visits 
around Lyons. On the last day members will be 
offered a choice of excursions. A special pro- 
gramme will be provided for ladies for the 
duration of the conference. 

GAMS are also arranging two journées 
internationales devoted to the study of 
methods of direct separation and chromato- 
graphy on 13 and 14 June in Paris. 

Further details of both the colloquium and 
the international days may be had from: 
Groupement Pour l’'Avancement des Méthodes 
Spectrographiques, L.N.E., 1 rue Gaston 
Doissier, Paris X Ve. 


DIARY 


4 Jan. SOCIETY OF CHEMICAL INDUSTRY, 
CORROSION GROUP—Cathodiec Pro- 
tection Panel meeting: discussion 
on galvanic anodes by G. E. 
Gardam, P. V. Palmer, and K. P. 
Scott—14 Belgrave Square, Lon- 
don SW1, 6 pm. 

11 Jan. NORTHAMPTON COLLEGE OF AD- 
VANCED TECHNOLOGY—‘Modern 
metallographic techniques’; first of a 
course of 12 meetings, Wednesday 
afternoons—St John Street, Lon- 
don EC1, 2 pm. 

12 Jan. INSTITUTE OF METALS—Lecture, 
‘Metallurgical research at high pres- 
sures’, by Dr J. E. Hilliard—17 
Belgrave Square, London SWI, 
6.30 pm. 

16 Jan. SHEFFIELD SOCIETY OF ENGINEERS 
AND METALLURGISTS—Short sym- 
y0sium ‘Welding versus casting’, 
R. Weck and A. H. Sully—The 
Engineering Lecture Theatre, St 
George’s Square, Sheffield, 7 pm. 

16-20 Jan. INSTITUTE OF PHYSICS AND PHYSI- 
CAL SOCIETY EXHIBITION— Royal 
Horticultural Society Old and New 
Hall, London, 8SW1. 

17-19 dan. INSTRUMENT AUTOMATION EXHI- 


BITION AND CONFERENCE— St 
Louis, USA. 
18 Jan. SOCIETY OF CHEMICAL INDUSTRY, 


CORROSION Group— Lecture, ‘Met- 
allic diffusion coatings’, by R. L. 
Samuel—14 Belgrave Square, 
London SW1, 6 pm. 

18 Jan. ROYAL INSTITUTE OF CHEMISTRY 
Lecture by Prof. Sir Cyril Hinshel- 


18 Jan. 


19 Jan. 


19 Jan. 


20 Jan. 


24 Jan. 


25 Jan. 


25 Jan. 


25 Jan. 


25 Jan. 


26 Jan. 


27 Jan. 


30 Jan.- 
2 Feb. 


31 Jan. 


1 Feb. 


1 Feb. 


1 Feb. 


1 Feb. 
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wood—King’s College, Strand, 
London WC2, 6.30 pm. 
INSTITUTION OF MECHANICAL EN 
GINEERS-——Symposium, ‘Pressure 
vessel research towards better 
design’—1 Birdeage Walk, Lon 
don SW1. 
THE INSTITUTE OF METALS, SHEP 
FIELD LOCAL sSECTION— Lecture, 
‘Ductile fracture’, by Prof. R 
W. K. Honeycombe—Applied 
Science Building, The University, 
St George’s Square, Sheffield, 
7.30 pm. 
INSTITUTION OF MINING AND 
METALLURGY— Meeting— Geolog- 
ical Society, Burlington House, 
Piccadilly, London W1, 5 pm. 
WEST OF SCOTLAND IRON AND 
STEEL INSTITUTE—-Lecture, ‘Rela 
tive merits of different steelmaking 
processes’, by T. F. Pearson-—-39 
Elmbank Crescent, Glasgow, 
6.45 pm. 
INSTITUTION OF ELECTRICAL EN 
GINEERS— Discussion, ‘Machine 
tool control’, opened by Dr E. H. 
Frost-Smith—Savoy Place, Lon- 
don WC2, 5.30 pm. 
INSTITUTE OF BRITISH FOUNDRY- 
MEN, LONDON BRANCH — Lecture, 
‘Developments in the production 
of gunmetal castings’, by F. 
Hudson—Constitutional Club, 
Northumberland Avenue, Lon- 
don WC2, 7.30 pm. 
ROYAL INSTITUTE OF CHEMISTRY 
Lecture, ‘Magnetism in inorganic 
chemistry’, by Prof. R. 8. Nyholm 
College of Further Education, 
William Street, Slough, 7.30 pm. 
INSTITUTE OF WELDING, NORTH 
LONDON BRANCH —-Lecture, ‘Prac- 
tical aspects of 00, welding’, by 
F. Collins—54 Princes Gate, 
London SW7, 7.30 pm. 
MANCHESTER METALLURGICAL 80- 
crety—Lecture, ‘Residual stress 
and stress relieving’, by Dr D. A. 
Melford—Literary and Philo- 
sophical Society, George Street, 
Manchester, 6.30 pm. 
SOCIETY OF CHEMICAL INDUSTRY, 
CORROSION GROUP—Conversazi- 
one, 14 Belgrave Square, London 
SW1, 6.30 pm. 
NORTH-EAST COAST INSTITUTION 
OF ENGINEERS AND SHIPBUILLDERS 
Lecture, ‘Fatigue strength of 
marine shafting’, by G. P. Smed- 
ley— Mining Institute, Newcastle- 
upon-tyne, 6.15 pm. 
NATIONAL PLANT MAINTENANCE 
AND ENGINEERING sHOow—Chi- 
eago, USA. 
SOCIETY OF INSTRUMENT TECH- 
woLoey—Lecture, ‘Three termin- 
al bridge measurements and auto- 
mation’, by M. A. Butterfield and 
J. Dowsing— Manson House, Port- 
land Place, London W1, 7 pm. 
SWANSEA AND DISTRICT METAL- 
LURGICAL socieTy—Lecture, ‘The 
steam/oxrygen converter process at 
Abbey Works’, by M. C. antann 
Central Library, Swansea, 6.45pm. 
SHEFFIELD SOCIETY OF ENGINEERS 
AND METALLURGISTS-—Joint meet- 
ing with the Institute of Mechanic- 
al Engineers, “Avoidance of fail- 
ures’, by G. A. Cottell—The En- 
gineering Lecture Theatre, St 
George’s Square, Sheffield, 7 pr. 
THE NEWCOMEN socrety—Lec- 
ture, ‘The draining of the Alport 
mines, Derbyshire’, by Mias N. 
Kirkham—Science Museum, Lon- 
don SW7, 5.30 prn. 
THE SOCIETY FOR ANALYTICAL 
CHEMISTRY—Meeting on ‘X-ray 
fluorescence’--Burlington House, 
London W1!, 6 pm. 
INSTITUTE OF PETROLEU M—Meet- 
ing—61 New Cavendish Street, 
London WI, 5.30 pm. 
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1-4 Feb. 
2 Feb. 


2 Feb. 


3 Feb. 


3 Feb. 


6 Feb. 


6 Feb. 


7 Feb. 


7 Feb. 


7 Feb. 


8 Feb. 


8 Feb. 


8 Feb. 


9 Feb. 


AMERICAN PHYSIOAL SOCIETY- 
Meeting——-New York. 

THE ROYAL INSTITUTION OF NAVAL 
arcuirects—-Lecture, ‘Sea trials 
on two cross-channel, twin-screw 
ships’, by Prof. Ir. G. Aertasen —10 
Upper Belgrave Street, London 
SWI, 4.45 pm. 

INSTITUTE OF METALS, LONDON 
LOCAL spcTion—Lecture, ‘The de- 
velopment of some new bearing 
materials’, by P. G. Forrester-—17 
Belgrave Square, London SWI, 
6.30 pm. 

STAFFORDSHIRE IRON AND STEEL 
instituTE—Annual Dinner—-Wul- 
frun Hall, Wolverhampton, 7.15 
pm. 

ROYAL INSTITUTE OF CHEMISTRY— 
Lecture, ‘Research and develop- 
ment in DSIR stations’, by Sir 
H. W. Melville—Brighton Tech- 
nical College, 7.30 pm. 
CLEVELAND INSTITUTION OF EN- 
arngers—Lecture, ‘Blast furnace 
operations at Clay Lane ironworks’, 
by A. T. Ledgard and P. K. Gled- 
hill—-Cleveland Scientific and Tech- 
nical Institution, Corporation 
Road, Middlesbrough, 6.30 pm. 
ROYAL INSTITUTE OF CHEMISTRY 
Leeture, ‘Fuel celle’, by H. H. 
Chambers—Society of Chemical 
Industry, 14 Belgrave Square, 
London SW 1, 6.30 pm. 

SOCIETY OF INSTRUMENT TECH- 
NOLOGY, DATA PROCESSING SEC- 
tTIon—Lecture, ‘The universal de- 
cision element’, Professor J. E. 
Parton and A. Rose—Manson 
House, 26 Portland Place, London 
WI, 6.30 pm. 

CITY OF LIVERPOOL COLLEGE oF 
TECHNOLOGY-—Course, ‘Radiation 
safety and health physics’-—The 
College, Liverpool. 

SOCIETY OF CHEMICAL INDUSTRY, 
CORROSION GROUP Short papers 
evening——- Engineering Centre, Ste 
phenson Place, Birmingham, 7 pm. 
ROYAL INSTITUTE OF CHEMISTRY 
Leeture, ‘Organic reactions in 
strong alkalis’, by Prof. B. C. L. 
Weedon—Sir John Cass College, 
Jewry Street, London EC3, 6.30 
pm. 

THE INSTITUTE OF WELDING, 
SLOUGH sEcTION—Lecture, ‘Pipe- 
line welding’, by R. J. Wright 
Community Centre, Farnham Rd. 
Slough, 7.30 pm. 

LEEDS METALLURGICAL SOCIETY 
Lecture, ‘Metals in antiquity’, by 
R. F. Tyleeote-— Metropole Hotel, 
Leeds, 6.30 pm. 

THE INSTITUTE OF WELDING AND 
8. L. BRANCH JOINT TECHNICAL 
MEETING—-Lecture, ‘The welded 
Maidenhead bridge’, by Gilbert 
Roberts—54 Princes Gate, Lon 
don SW7, 6.30 pm. 

INSTITUTION OF MECHANICAL EN- 
GINEERS INDUSTRIAL ADMINISTRA- 
TION AND ENGINEERING PRODUC- 
TION GRovP— Lectures, ‘The influ 
ence of measuring force, stylus 
radius, and surface finish on the 
accuracy of measurement of work 
pieces by a comparator’. by L. W. 
Nichols and T. R. J. Oakley; and 
‘An investigation into the accuracy 
of industrial measurement of sizes 
between 0-02 and 5 in’, by P. W. 
Harrison! Birdcage Walk, Lon- 
don SW1, 6 pm. 

MANCHESTER METALLURGICAL 80O- 
crety—Lecture, ‘Residual stress 
and streas relieving’, by L. E. Ben- 
son—Manchester Literary and 
Philosophical Society, George St., 
Manchester, 6.30 pm. 

LIVERPOOL METALLURGICAL SOCI- 
ery—Lecture, ‘The origin and 
solution of some industrial corrosion 
problems’, by E. C. Campbell— 


Department of Metallurgy, The 

University, Liverpool, 7 pm. 
9 Feb. EAST MIDLANDS METALLURGICAL 
socrety——Lecture, ‘The modern 
production and metallurgy of black- 
heart malleable cast iron’, by H 
Greatorex—-Derby and District 
College of Art, Derby, 7.30 pm. 
NORTH EAST COAST INSTITUTION OF 
ENGINEERS AND SHIPBUILDERS 
Lecture, ‘Heavy-lift vessel “‘Adven- 
turer” ’, by C. Stephenson—Min- 
ing Institute, Bolbee Hall, New- 
castle-upon-Tyne, 6.15 pm. 
LINCOLNSHIRE IRON AND STEEL 
INSTITUTE —Films— North Lindsey 
Technical College, Kingsway, 
Scunthorpe, 7.30 pm. 


10 Feb. 


13 Feb. 





ROYAL (INSTITUTE OF CHEMISTRY 
Lecture, ‘Reaction mechanisms’, by 
Prof. E. D. Hughes-— North-West 
Kent College of Technology, 
Miskin Road, Dartford, 7.30 pm. 
SOCIETY OF CHEMICAL INDUSTRY, 
CORROSION GROUP—Lecture, ‘The 
occurrence of fire-side corrosion in 
modern steam generators’, by W. D. 
Jarvis and D. B. Leason—t4 
Belgrave Square, London SWI, 
6 pm. 

ROYAL INSTITUTE OF CHEMISTRY 
Lecture, ‘The work of a public 
analyst’, by T. McLachlan —Nor- 
wood Technical College, Knight’s 
Hill, West Norwood, London 
SE27, 7 pm 


13 Feb. 


14 Feb. 


14 Feb. 


BRITISH IRON AND STEEL INDUSTRY 


TRANSLATION SERVICE 


The following translations are now available, 
in addition to those given on page 466 of the 
December 1960 issue of the Journal: 
Irreversible potentials and corrosion resist- 
ance of metals. SHatTaoyv, A. Ya., Inst. Fizich. 
Khimii, Akad. Nauk SSSR, Trudy, 1955, (5), 
pp-237-266. (£9 108, Od.) (1442 
Basic arches and roofs of metallurgical 
(including copper-refining) furnaces. Hirrer, 
L., Radex Rund., 1959, Oct., pp.629-639. 
(£4 158. Od.) (1601 
Large electric steelmaking furnaces. Ham- 
MARLUND, P. E., Tek. Tidsk., 1959, Aug. 14, 
pp.721-728. (£4 10s. Od.) {1683 
On the measurement of the interstitial 
earbon and nitrogen contents, and the strain- 
amplitude dependence of internal friction in 
commercial steels. Aoki, K. et al., Nippon 
Kinzoku Gakkai-si, 1959, Dec., pp.696-698, 
(£5 108. Od.) 1755 
Internal friction in quench-hardened low- 
carbon steel and cold-worked iron. lcHryama, 
T. et al., Nippon Kinzoku Gakkai-si, 1959, 
Dec., pp.717-721. (£9) [1756 
Technical and economic comparison of gas 
and induction heating for forgings. SCHAEFER, 
H., and Rucu, H., Praktische Energiekunde, 
1959, (2), pp.107—141. (£7 15a. Od.) {1758 
Measurement of wear in drawing steel bar by 
means of radioactive drawing tools. Lugs, W., 
and Funke, P., Stahl u. Eisen, 1959, July 9, 
pp.996- 1002. (£4 10s. Od.) (1772 
The water economy of an integrated iron 
and steelworks. Knecurt, E., Stahl u. Eisen, 
1960, May 26, pp.751-756. (£458. 0d.) [1785 
The behaviour of large electric drive motors 
during the reversal of the direction of rotation. 
Nirnperc, W., Stahl u. Eisen, 1960, April 14, 
pp-514-520, (£4 LO0s, 0d.) (1798 
Experience with squirrel-cage induction 
motors of special design for steelworks cranes 
(with discussion). Worrperc, H., Stahl u. 
Eisen, 1960, April 14, pp.520-535. (£3 15s. Od.) 
(1799 
Comparative economics of open-hearth and 
are furnaces for production of unalloyed low- 
carbon steel. Kreps, E., and Pakutsa, E., 
Stahl u. Eisen, 1955, Jan. 13, pp.9-24. (£10) 
{1805 
Results of an investigation into hot-blast 
stoves. Kessets, K., Stahl u. Eisen, 1955, 
July 28, pp.958-974. (£9) (1808 
Determination of pore size distribution in 
refractory materials. Pamrvcn, R., Prace Inst. 
Hutn., 1959, (1), pp. 11-17. (£5 10s. Od.) [1818 
Contribution to the determination of low 
boron contents in steels. Lees, A. J., and 
Hecnt, F., Radex Rund., 1960, (1), pp.62-66. 
(£2 10s. Od.) [1828 
Developments in wire rope fatigue testing. 
Rossetti, U., Transporti Industriali, 1959, 
July—Aug., pp.1126-1128. (£1 158. Od.) [1832 
Filming the internal movement of metal in 
the deformation zone during the metal rolling 
process. MuzaLevskn, O. G., Zhur. nauch. %. 
priklad. fotog. i kinemat., 1958, (5), pp.363-367. 
(£3 10s. Od.) {1839 
The development and production of pre- 
stressed steel St.150 in the German Demo- 
cratic Republic. Srruve, G. von, Neue Hiitte, 
1960, Feb., pp.78-89. (£6 5s. Od.) 
Effect of drawing temperature when draw. 
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ing steel wire.—II. NisuioKka, T., Nippon Kin 
zoku Gakkai-si, 1958, May, pp.225-229; 229 
233. (£7) 1848 
Mills constructed by TsKBMM with new 
rolling techniques: combination mill for cold 
rolling of thin strip; planetary mills for tube 
rolling; mills for rolling sheet and T-sections of 
variable cross-section. Tseuikov, A. 
Sovremennye Problemy Metallurgii (Contem 
porary problems of metallurgy), Moscow, 
Akad. Nauk, 1958, pp.475~480; 480-481; 493 
499. (£7) [1849 
Use of the large 80-ton arc furnaces at the 
Breuil steelworks of the Société des Forges et 
Aciéries du Creusot (with discussion). Corn, 
J., Rev. Mé., 1960, June, pp.481-490. (£4) 
{1850 
The influence of vacuum casting on certain 
properties of steels (sheet). (with discussion) 
CotomsBrer, L., and Rover, C., Rev. Mét., 
1960, June, pp.491-499. (£4 5s. Od.) «(1851 
The effect of initial structure on the creep 
behaviour of a 2-25°,Cr—1%Mo steel at 550°C 
Gercer, Th., Int. Dise. on ‘Long-time beha 
viour of high-ternperature steels’, Diisseldorf. 
24-25 June, 1960. (£4) (1855 
Wind tunnel tests on the wind resistance of a 
twin tubular bridge girder. Barru, R., Der 
Stahlbau, 1960, 29, June, pp.186—191. (£3 15s.) 
(1881 
The notch sensitivity of a Cr-Mo-V steel for 
bolt work operating at elevated temperatures. 
Wacué, X., Int. Disc. on ‘Long time beha 
viour of high temp. steels’, Diiaseldorf, 24-25 
June 1960, Paper No.23. (£3 15s. Od.) [1887 
The determination of the rolling forces 
during cold rollitig. Wenzer, M., Stahl u 
Bisen, 1959, Dee. 10, pp. 1872-1875. (£2 10s.) 
(1891 
Permissible heating and cooling rates of 
thick-walled pipelines. Grass, G., and Wir 
KER, K. G., Allgemeine Wérmetechnik, 1956, 
(10), pp.211 -219. (£3 15s. Od.) {1898 
The application of infra-red spectroscopy to 
the determination of mineral constituents in 
slags and refractory systems. Perreruorr, W., 
irch. Eisenhiit., 1958, March, pp.153-158. 
(£3 5s. Od.) {1902 
Stainless steels for oil pipelines. Comparison 
of European with USA steels. ScHAEBEN, L., 
Erdél u. Kohle, 1958, Sept., pp.636-639. 
(£2 108. Od.) {1903 
The effect of heat treatment on the develop 
ment of carbides in chromium-molybdenum 
steels. BAcKER, L. et al., Mem. Sci. Rev. Mét.., 
1960, July, pp.527-534. (£4 10s. Od.) {1918 
Continuous casting. (a) Iron and steel. (with 
a world list of installations). Wirrmoser, A., 
Giesserei, 1959, Oct. 22, pp.718-722. (£2 5s. Od.) 
{1920 
Theory of the course of pressure in extended 
industrial furnaces. HANSEN, M., Arch. Eisen 
hiit., 1960, June, pp.337-342. (£4 5s. Od.) (1932 
The use of explosives in repair work on 
ferro-alloy furnaces. PretrMaNn, I., et al 
Hutnik, (Prague), 1959, (8), pp.273-276. 
(£4 158. Od.) {1935 
Comparison between pickling of steel in 
phosphoric acid solutions, and pickling in 
sulphuric acid and hydrochloric acid solutions. 
Dung, G. von DER, Stahl u. Hisen, 1960, 
Sept. 29, pp. 1318-1321. (£2 10s. Od.) {1947 
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ABSTRACTS OF 


CURRENT LITERATURE tron and Stee! Manufacture and Related Subjects 
AND BOOK NOTICES 


CONTENTS 


Note: The letters a, b, and ¢ refer to the three columns on the page concerned. 


PAGE 
Periopicats List . 75a 
MINERAL RESOURCES ; = 79a 
OrES—MINING AND TREATMENT . 79¢ 
FvEL— PREPARATION, PROPERTIES AND 
Uses ‘ . . i ; 806 
Arr POLLUTION AND SMOKE 80c 
TEMPERATURE MEASUREMENT AND 
CONTROL ‘ . P Rc 
REFRACTORY MATERIALS 0c 
IRON AND STEEL—GENERAL 8la 
Buiast-FurNace Practice anp Pro 
DUCTION OF Pic IRON ; ; 816 
PROPERTIES, TREATMENT AND USE oF 
SLaGs 82a 


PAGE 
PRODUCTION OF STEEL 82b 
FounpDRY PRaAcTICcE 84a 
Vacuum METALLURGY . : ° ; 87b 
REHEATING FURNACES AND SOAKING 
Pits ‘ 2 : . “ ; . 87b 
Heat-TREATMENT AND HeEatT-TREAT- 
MENT FURNACES . ; J A ‘ 87b 
ForGInG, STAMPING, DRAWING AND 
PRESSING , ‘ ; ‘ 4 SSb 
RouurnG Miiw Practice ; , 89a 
MACHINERY AND SERVICES FoR lRON 
AND STEEL PLANT ‘ . , 89e 
WELDING AND FLame-CurTine . ; 90a 


* Abstracts, the reference to which is marked with an asterisk, are or are to be made available 


ABBREVIATIONS AND LIST OF PERIODICALS 
EXAMINED BY THE ABSTRACTING SERVICE 


AB Meta! Digest (Illinois) 

AEG Progress (Berlin) 

AEI Engineering Review (London) 

Abhandlungen der Braunschwiegischen wiss- 

enschaftlichen Gesellschaft (Brunswick) 

Abstracts Journal Metallurgy (New York, 

London) 

Academia Republicii Populare Romine, 
Studii si Cereetari de Slesanice Aplicata 
Studii si Cercetari de Metalurgie (Bucharest) 

Académie Polonaise des Sciences (Warsaw) 
Bulletin Chimique 
Bulletin Mathématique 
Bulletin Technique 

Acciaio Inossidabile (Milan) 

Acero vy E ia (Barcelona) 

Acier-Stahi- (Brussels) 

Aciers Fins et Spéciaux Francais (Paris) 

Acta Chimica Sinica (Peking) 

Acta Grystallographica (London) 

Acta Metallurgica (Toronto) 

Acta Metallurgica Sinica (Peking) 


Acta peer aA Rica (Szeged) 

Acta Physica Polonica ( Fasende’ 

Acta Physica Sinica (Peking) 

Acta Polytechnica Scandinavia (Copenhagen, 
Helsinki, Oslo, Stockholm) 

Acta Technica (Budapest) 

Acta Technica (Prague) 

Admira’ Advisory Committee on Structural 
Steel (London) 

Brittle Fracture Research in the UK 
Reports 

Advanced Materials Technology (New York) 

Advancement of Seience (London) 

Advatices in Physics (London) 

Aeroplane (London) 

Aircraft Engineering (London) 

Aircraft Production (London) 

Ajour Teknisk Informasjon (Oslo) 

Akademiya Nauk SSSR Itogi Nauk-Tekhnich- 
eskie Nauki (Moscow) 

Alloy Metals Review (Widnes) 

Alloys and Metals Review (London) 

Alluminio (Milan) 


Aluminium (Diisseldorf) 
Aluminium Development Association, Inform- 
ation Bulletin (London) 
American Ceramic Society Bulletin (Columbus, 
Ohio) 
American Institute of Mining and Metallurgical 
Engineers (New York) 
Blast Furnace, Coke Oven and Raw 
Materials Committee, Proceedings 
Electric Furnace Steel Conference Proceed- 
ings 
Proceedings National Open-Hearth CGom- 
Mittee 
Proceedings Symposia Series 
American tron Ore Association. (Cleveland, 
Ohio) Statistics 
American tron and 8teel Institute (New York) 
Annual Statistical Report 
Contributions to the Metallurgy of Steel 
Steel Products Manual 
American Journal of Physics (New York) 
American Journal of ence (New Haven, 
Conn.) 
American Society for Metals (Cleveland, Ohio) 


American Society for Testing Materials (Phila 
delphia) 
Bulletin 


Special Technical Publication 

Anais da Academia Brasileira de Ciencias (Rio 
de Janeiro) 

Anales de la Real Sociedad Espafiola de Fisica 
y Quimica (Madrid) 

Anales de Metanica y Electricidad (Madrid) 

Analyst (London) 

Analytica Chimica Acta (New York and 
Amsterdam) 

Analytical Chemistry (Washington) 

A h Review (London) 

Annales des Mines (Paris) 

Annales de la Seciété Scientifique de Bruxelles 
(Brussels) 

Annual Report of The Engineering Research 
Institute, Faculty of Engineering, Univ- 
ersity of Tokyo (Tokyo) 


as 


PAGE 
MACHINING AND MACHINABILITY . Ble 
CLEANING AND PICKLING ; : : 92c 
Prorective CoaTINGs . , : 93a 
Crap Sueer anp Harp-Facine . ‘ 94a 
PoWDER METALLURGY . ‘ : ‘ ¥4b 
Ferrires, CERMETS AND CARBIDES Y4e 
PROPERTIES AND TESTS : 94e 
METALLOGRAPHY . 103a 
CORROSION 7 : ‘ 1056 
ANALYSIS . : F 107a 
InpusTRIAL Uses anp AppiicaTions . 1084 
HisToRIcal ; : ; ; : 108) 
Economics AND STaTISTICS . 108) 
MISCELLANEOUS , 108¢ 


translations. 


Annual Report of the Smithsonian Institution 
(Washington) 

Annual Review of Physical Chemistry (Stan 
ford, California) 

Anvil (Sheffield) 

Applied Mechanics Reviews (New York) 

Applied Research Laboratories, Reports (Gien- 
dale, Calif.) 

Applied Scientific Research (The Hague) 

A Spectroscopy (New Jersey) 

Archiv fiir das Eisenhiittenwesen (Disseldorf) 

Archiwum Elektrotechniki (Warsaw) 

Archiwum Hutnictwa (Warsaw) 

Arkiv for Kemi (Stockholm) 

Arkiv for Mineralogi och Geologi (Stockholm) 

Arts et Manufactures (Paris) 

ASEA Research (Visteras) 

Aslib Proceedings (London) 

Association Belge pour |’Etude I'Essa: et 
So des WMateriaux . Commission 
No.IV. Protection. Contre la Corrosion 
(Brussels) 

Atti della Accademia Nazionale dei CLineei, 
Classe di Scienze Fisiche, Matematiche e 
Naturali (Rome) 


Rendiconti 

Australasian Engineer (Sydney) 

Australian Defence S¢ientifie Service, Aero- 
nautical Research Laboratories Struc- 
tures and Materials note (Melbourne). 

Australian Journal of Applied Science (Mel 
bourne) 

Australian Journal of Chemistry (Melbourne) 

Australian Journal of Physics (Melbourne) 

Australian Machinery and Production Engin- 
eering (Sydney) 

Automation Progress (London) 

Automobile Engineer (London) 

Avtomaticheskaya Svarka (Kiev) 

Avtomatika (Kiev) 

Avtomatika i Telemekhanika (Moscow) 


B.C. Professional Engineer (Vancouver) 
B.H.P. Review (Melbourne) 
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ABSTRACTS 


8.H.P. T 
Bander 
Battelle Technical Review ~~ ve Ohio) 
Beama Journal (London) 

Laboratories Record (New York) 


Bell 
Sell Telephone e Magaz N —- 
ine (New York) 

Beli Telephone System Technical Publication 
(New York) 

Bergakademie (Berlin) 

Berg- und Hilttenmdnnische Monatshefte 
(Vienna) 


fey ay ree Bulletin of Welding (Paris) 
Bergshandteringens Vanner (Stock- 


Boletimn da Associagéo Brasileira de Metais 
(S&0 Paulo) 

Boletim da Setiedade Geolégica de Portugal 
(Oporto) 

Boletin Informative del Instituto Latino- 
americano del Fierre y del Acero (Santi- 


ago) 
Boletin Minero ec industrial (Bilbao) 
Bradley's ine (Darleston, Staffs.) 
Brennstoff-Warme—Kraft (Diisseldorf) 
British Cast Iron Research Association Journal 
(Birmingham) 
British Goal Utilization Research Association, 
Monthly Bulletin (London) 


By Gazette 
h @ Research Association, Technical 
Papers (London) 


British Gon Constructional Steelworks Association 
(London) 
Publications 
British Dental Journal (London) 

British Electrical and Allied Industries Res- 
earch Association, Reports (London) 
British Engine Boiler and Electrical Insurance 

Co. Ltd (Manchester) 
Technical Report 
British Engineering and Transport (London) 
British Foundryman (Manchester) 
British fron and Steel Research Association, 
Reports (London) 
British Journal of Applied Physics (London) 
British Power Engineering (London) 
British Productivity Council (London) Publi- 
cations 
British Standards Institution (London) 
British Standards 
Handbook 


Specifications for Aircraft Materia 
British se Founders y mes tg imeiiehd) 
B.S.F.A. Bulletin 
British deaths (London) 
British Baliging with fice Journal oe 


Beietinnl Institut Ml Pe Politehnio Din tasi 


(Jassy) 

Bulletin Annuel Association des Industriels de 
Beigique (Brussels) 

bene bow de Centre Beige d’Etude et des Eaux 

Bulletin enue 

Bulletin de Cercle d’Etudes des Métaux (St 
Etienne) 

Bulletin of The Faculty of Engineering Yoko- 
hama National University (Yokohama) 

Bulletin of The Geological Institutions of The 
University of Uppsala (Uppsala) 

Bulletin of The Geological Survey of Great 
Britain (London) 

Bulletin of The Institution of Engineers 
(India) (Calcutta) 

Bulletin of the Institution of Mining and 
Metallurgy (London) 

Bulletin of Society of Mechanical 
Engineers (Tokyo) 

Bulletin of Ohio State University Engineering 
Experiment Station (Columbus, Ohio) 
Bulletin of The Research Council of Israel 

(Jerusalem ) 
Bulletin of the School of Mines and Metallurgy, 
University of Missouri (Minneapolis) 
Bulletin des Sociétés Chimiques Belges 
(Brussels) 

Bulletin de la Seciété Chimique Beograd 
(Beograd) : 

Bulletin of The Technical University of 
istanbul (Istanbul) 

Bulletin Technique de la Société Francaise des 
Constructions Babcock & Wiicex (Paris) 
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Galore (Milan) 
Canada Department of Mines and Technical 
Surveys, Mines Branch (Ottawa) 
Technical Paper 
Canadian Journal of Chemical Engineering 
(Ottewa) 
Canadian Journal of Chemistry (Ottawa) 
Canadian Journal of Physics (Ottawa) 
Metalworking (Toronto) 
Canadian Mining Journal (Quebec) 
Canadian Mining and Metallurgical Bulletin 
(Montreal) 
Casti (Sidney) 
Glass and Ceramic Research Institute 
Bulletin (Calcutta) 
Centre de Documentation Sidérurgique, Cireu- 
laires d’Informations es (Paris) 
Centre d'Etudes Supérieurs de la Sidérurgiec 
(Metz) 
Les Cahiers du CESSID 
Centre D’intormation du Chrome Dur, Bulletin 
de Documentation (Paris) 
Ceramics (Leighton Buzzard) 
Chaleur et Industrie (Paris) 
Chartered Mechanical Engineer (London) 
Chemia Analityczena (Warsaw) 
Chemical Age (London) 
Chemical Engineering (New York) 
seen : Engineering News (Washington) 
Chemic: neerit Progress (New York) 
Chemical & Preece: € Engineering (London) 
Chemické Listy (Prague) 
Chemisch Weekblad ene) 
Ghemist-Analyst (Phillipsburg, N.J.) 
Chemistry and Industry (London) 
Chimica e@ Industria (Milan) 
Chimie Analytique (Paris) 
Chimie et Industrie (Paris) 
Chrome Dur (Paris) 
Ciencia y Tecnica de la Soldadura (Madrid) 
Circular of the National Bureau of Standards 
(Washington) 
Claycraft (London) 
Cobalt (Brussels) 
Coke and Gas (London) 
Coke News (Chesterfield, Derby) 
Coke Research Report (Chesterfield, Derby) 
Coke Review (London) 
Collection of Czechoslovak Chemical Comm- 
unications (Prague) 
Colliery Guardian (London) 
Colerado School of Mines (Golden, — 
Mineral Industries Bulletin. Quarte: 
Commonwealth Engineer me 
— Européenne du Charbon et de 
L’Acier (Luxembourg) 
Bulletin Mensuel d'information 
es Rendus Hebdomadaires des Séances 
de Il’ Académie des Sciences (Paris) 
Congrés du Groupement pour |l’Avancement 
des Méthodes d’Analyse 8pectrographique 
(Paris) 
Cornell University Engineering Experiment 
Station Bulletin (New York) 
Corrosion (Houston, Texas) 
Corrosion et Anticorrosion (Paris) 
Corrosion Prevention and Control (London) 
Corrosion Technology (London) 
Costruzioni Metalliche (Milan) 
meahicering Society Journal (Cov- 
entry) 
y (New York) 
English translation of Krystallografiya 
Czechoslovak Heavy industry (Prague) 


Dansk Teknisk Tidsskrift (Copenhagen) 
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(London) 

Transactions of the Institution of Mining 
Engineers (London) 

Transactions of the Institution of Mining and 
Metallurgy (London) 

Transactions of the Institution of Naval 
Architects (London) 

Transactions of the Liverpool Engineering 
Society (Liverpool) 

Transactions, Manchester Association of Eng- 
ineers (Manchester) 

Transactions of the Metallurgical Society of 
AIME (New York) 

Transactions of the Mining, Geological and 
Metallurgical tastitute of India (Calcutta) 

Transactions of the National Research Institute 
for Metals (Tokyo) 

Transactions of the Newcomen Society 
(London) 

Transactions of the North East Coast Institu- 
tion of Engineers and Shipbuilders 
(Newcastle-on-Tyne) 

Transactions of the Royal Canadian Institute 
(Toronto) 

Transactions of the Royal Society of Canada 
Ottawa) 

Transactions of the Society of Automotive 
Engineers (New York) 

Transactions of the Society of Instrument 
Technology (London) 

Transactions of the South African Institute of 
Electrical Engineers (Johannesburg) 

Transport A; Aone on) 

Trattamenti . dei Metalli (Milan) 

Trenie i Iznos v *y Mashinadh, Akademiya Nauk 
SSSR, Institut Mashinovedeniya (Moscow) 

Trudy Gorno-Metallurgicheskii Institut, Irk- 
utsk, Seriya Geologicheskaya (Blago- 
veshchensk) 

Trudy Institute Fizika Metallov (Moscow) 

Trudy Institut Fizicheskoi Khimii (Moscow) 

Trudy Institut Khimii (Sverdlovsk) 

Trudy Instituta Mashinovedeniya (Moscow) 

minar po Teorii Mashin i Mekhanizmov 

Trudy Institut Metallurgii (Sverdlovsk) 

Trudy Komissii po Analiticheskoi Khimii 


(Moscow) 
Trudy Nauchno-Tekhnicheskogo Obshchestva 
Vodogno Tra (Moscow) 


Trudy Rostovskii-na-Donu Inzhernerno-Stroi- 
tel’nyi Institut (Rostov-on-Don) 
Tsvetnye Metally (Moscow) 


Ukraines’kii Fizichnii Zhurnal (Kiev) 

Ukrainskii Khimicheskii Zhurnal (Kiev) 

Unesco Bulletin for Libraries (Paris) 

United Effort (Pittsburgh) 

United WNations—Economic Commission for 
a (Geneva) 


oo Bulletin of Steel Statistics for 
Europe 
United States Bureau of Mines (Washington, 
D.C 
Bullctin 


Information Circular 
Mineral Industry Survey 


These abstracts are also available on index cards in advance of publication in the Journal, each 
abstract being classified under the Universal Decimal system (UDC). Details and subscription 
notes can be obtained from the Secretary, The Iron and Steel Institute. 


MINERAL RESOURCES 


iron ore from Mauritania M. Crowder (Min. 
J., 1960, 255, Sept. 9, 282-284, from Steel 
News) An account of the Khédia deposits and 
plans for exploitation. 

tron ore from Mauretania M. Crowder 
(Steel Rev., 1960, July, 39-43) With colour 
photographs. 


Review of mineral fuels and the 
metais and minerals in France in 1 (Ann, 
Mines, 1960, July-Aug., 374-408) Iron ores 
are reviewed, pp.379-381, also Ni (396-398), 
Mn (398-400), and W (402-403). Review of the 
mineral industries in 1959 in overseas territories 
ee ae ee N. Africa, the 

North Sahara, The Antilles, Guiana, and 
Réunion (409-433). Statisties (434-534). 


ABSTRACTS 79 


Minerals Yearbook 
Report of Investigations 
United States Geological Survey, Bulletin 
(Washington) 
United States Government Research Reports 
(Washington) 
United States Government Technical Trans- 
lation (Washinton) 
Unsere ATH (Duisburg—Hamborn) 
Usine Nouvelle (Paris) 
Uspekhi Fizicheskikh Nauk (Moscow) 
Uspekhi Khimii (Moscow) 


Vacuum (London) 

Vakuum Technik (Berlin) 

Variina Tehnika (Ljubljana) 

Varmiindska Bergsmanneforeningens Ann- 
aler (Filipstad, Sweden) 

Vedecké Kniha (Prague) 

Verein Deutscher Ingenieure Zeitschrift (Dis- 
seldorf) 

Vestnik Akademii Nauk SSSR (Moscow) 

Vestnik Elektropromyshiennosti (Moscow) 

Vestnik Leningradskogo Universiteta, Seriya 
Fiziki i Khimii (Leningrad) 

Vestnik Mashinostroeniya (Moscow) 

Vickers Magazine (L ondon) 

Vijnan Karmee (Kanpur) 

Voprosy Proizvodstva Stali. Akademiya Nauk 
Ukrainski SSR Otdstenie Tekhnicheskikh 
Nauk (Kiev) 

Voprosy Poroshkovoi Metallurgii i Prochnosti 


Materialov (Kiev) 


Waseda University, Report of the Casting 
Research Laboratory (Tokyo) 

Wear (London) 

Welder (Waltham Cross) 

Welding Journal (New York) 

Welding and Metal Fabrication (London) 

Welding Research Council, Welding Research 
Council Bulletin Series (New York) 

Werk und Wir (Dortmund) 

Werkstattstechnik (Berlin) 

Werkstoffe und Korrosion (Mannheim) 

Western Metalworking (Los Angeles) 

Wild-Barfield Heat-Treatment Journal (Wat- 
ford, Herts.) 

Wire (Coburg) 

Wire Industry (London) 

Wire and Wire Products (Stamford, Conn.) 

Wire World international (Diisseldorf) 


Yearbook of the American fron and $teel 
institute (New York) 

Year Book of the Coke Oven Managers’ 
Association (London) 

Yearly Proceedings of the Association of tron 
and Steel Engineers (Pittsburgh) 


Zastita Materijala (Belgrade) 

Zavodskaya Laboratoriya (Moscow) 

Zeitschrift fir Erzbergbau und Metallhiitten- 
wesen (Stuttgart) 

Zeitschrift fir Metalikunde (Stuttgart) 

Zhurnal Analiticheskoi Khimii (Moscow) 

Zhurnal Eksperimental’noi i Teoreticheskol 
Fiziki (Moscow) 

Zhurnal Fizicheskoi Khimii (Moscow) 

Zhurnal Neorganicheskoi Khimii (Moscow) 

Zhurnal Prikladnoi Khimii (Moscow) 

Zhurnal Teknicheskoi Fiziki (Moscow) 

Zvaratésky Sbornik (Bratislava) 

Zvaranie (Bratislava) 

ZVVZ Vi§zkumny ustav Vzduchotechniky 
(Prague) 


ORES—MINING AND TREATMENT 


Formation of ta in roast reduced jas- 
pilite J. B. Lean, K. J. Tucker, B. O. Holland, 
and T. R. Thomson (Nature, 1960, 187, Aug. 
20, 683-684) A letter. Reduction much above 
650°C gives lower rates, lower recoveries and 
less break-up of the ore. This is shown to be 
due to formation of fayalite instead of magne- 
tite. The fayalite bonds magnetite to quartz 
and hinders reduction. 


Design standard apparatus for 
mining the reaucibitity of wa taeone ciuan¥ L 
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80 ABSTRACTS 


Korotich and V. K. Gruzinov (Stal’, 1960, (8), 

694-695) Apparatus of thermogravimetric 

type with a vertical quartz tube and a gas pre- 
heater is figured and described. 

minerais in the 

separators 


I. N. Plaskin and N. F. Olofinsky (Bull. Inst. 
Min. Met., 1960, 69, Aug., 613-626) The 
development of corona-type dedusters, their 
efficiency with 0-7 mm materials, and their 


er for gravity se ion are described. 
sinter plant ( Brit. Steel, 1960, ‘eb., 59-63) 
An account of the construction and operation 
of the ore preparation, ore handling and sin- 
tering plant which began production early in 
1959. Lt has an initial capacity of 5000 t/week 
and a final capacity of 8350 t/week. from one 
machine. A second sintering machine can 


easily be installed. 
Selt-aggio fluidized-bed reduction 
B. G. Langston F, M. Stephens jun. (J. 


Met., 1960, 12, April, 312-316) The finely- 
divided concentrates from the beneficiation of 
the low-grade Michi and Minnesota depos- 
ite are suitable for direct reduction in a fluid 
ized-bed unit. Principles of the process, and 
the results of experimental work are reviewed. 

Gre concentration of in iron by 
means of fluidized-bed W. Hellmund 
(Z. Erzberg. Metalih., 1960, 13, July, 301-312) 
Siegerland iron spar requires a beneficiation 
treatment, usually sintering in the shaft furn- 


ace with subsequent magnetic se tion. The 
effect of oxygen on sintering in the shaft furn- 
ace was studied, it was found that with decreas- 


ing oxygen available, magnetization increases, 
but magnetization still depends on the propor- 
tion of the fines in the burden. In fluidized-bed 
sintering # process seems to have been found 
which ‘ieun sintering of fines. In laboratory 
trials sludge additions up to 40% did not im- 
pair the sintering process, but with higher 
sludge additions sintering is incomplete and 
magnetic separation b impossible. Fluid- 
ized-bed sintering, on a laboratory scale, is 
described and results are reported. 

ng a disc 8. V. Bazilevich 
(Stal’, 1960, (8), 683-685) The operation of the 
pelletiser is analyzed and the dimensions and 
rates regulating its performance are identified 
and optimum conditions are calculated. Ad- 
vantages over drum pelletizers are noted. 

Production of fluxed from fine con- 
centrates D. G. Khokhlov (Stal’, 1960, (8), 
686-690) Trials with disc and drum pelletizers 
are reported on the conditions and especially 
on the particle size distribution, necessary to 

roduce good pellets for blast-furnace use from 
magnetite and roasted pyrite concentrates. 
Various methods of firing were studied and the 
importance of temp. control within narrow 
limits was confirmed. The pellets formed had 
much more mechanical strength than sinter 
and were well suited to blast-furnace use. 

Fuel economy in grid sintering M. Auxenfans 
(Centre Doe, Sidér., 1960, 17, (5), 1171-1182) 
Solid fuel is the largest cost item involved in 
grid sintering (almost 50%). This article des- 
eribes numerous methods which have been 
developed to try to reduce consumption of 
solid fuel—charging in two beds (Knutange 
type), prolonged firing, hot-air sintering, gas 
combustion ‘in situ’, charging in two beds 
(Jennings type), and pre-drying. It is conclud- 
ed that optimum firing conditions must be 
ensured. The use of secondary burners can lead 
to substantial fuel saving although this is 
accompanied in certain cases by a reduction in 
output. Careful preparation of the mixture to 
be sintered penuitiog in regular operation will 
also bring about economics. 

Study of self-fluxing sinter A. Ishimitsu, 
T. Furui, and 8. Wakayama (Tetsu to Hagane, 
1960, 46, Feb., 123-129) Testa on a range of 
mixtures of limestone and ore are 
reported. Limestone addition increased per- 
meability, decreased sintering time, increased 
the microstrength of sinter, and gradually 
d the reducibility as a result of 
increase of slag. It should be possible to deter- 
mine conditions for increasing the desulphuriz- 
ation ratio.—K.E.J. 


ot 
sintering process and the production 
or high basielty flased sinter N. V. Keis and 





A. I. Komiasarov (Stal’, 1960, (8), 698) A brief 
note from Chelyabinsk. Sinter pot trials 
showed that sinter with a CaO:SiO, ratio of 1:4 
could be produced which would eliminate lime- 
stone from the charge. This was shown in 
trials to raise productivity and decrease coke 
consumption, also to improve sulphur removal. 

sinteri machine N. Z. 
Plotkin, G. G. Oreshkin, and A. K. Rudkov 
(Stal’, 1960, (8), 696-697) A plan and an 
illustration of a model are shown. The charge 
is fed into an annular space and removed from 
the bottom by a plough. It is claimed to be 
much more compact than a conventional 
machine of the same output. 

Production of sponge iron in rotary kilns and 
experience of its use in blast furnaces A. I. 
Gimmel’farb and G, I. Chasovitin (Stal’, 1960, 
(8), 691-694) The process is more suitable for 
Orsk—Khalilovo ores than magnetic roasting as 
regards Ni recovery and transfer of Cr to the 
slag. The operation of the blast-furnace is not 
changed, but the coefficient is improved and 
coke rate and lime consumption are reduced. 
Other ores should show similar properties. 


FUEL—PREPARATION, PROPERTIES 
AND USES 


Factors affecting the cleaning of fine coals by 
the Convertol process Shiou-chan Sun, W. L. 
MeMorris (Min. Eng., 1959, 11, Nov., 1L15i-— 
1156) Laboratory trials with this oil phase- 
inversion process in a Waring Blendor are 
reported, and the slimes suitable for treatment 
and the oils used can be selected by this test. 

investigation on the thermogravimetric 
testing of coal J. A. Corrales Zarauza (Inst. 
Nac. Carbon Bol. Inf., 1959, 8, Sept.—Dec., 
150-156) The apparatus and procedure used 
for the thermogravimetric analysis of coal are 
described and examples of the curves obtained 
are reproduced. 

oer coke ovens lit up ahead of time 
(Iron Steel Rev., 1959, 3, Aug., 33-35) These 
Simon-—Carves coke ovens are part of a new 
integrated iron and steel works. The part they 
will play in the development of the works is 
described, and the experience gained by Simon 
Carves in coking plant manufacture in India is 
briefly reviewed. The difficulties that have had 
to be overcome by the British consortium that 
is building this works are mentioned. 

of coke oven batteries M. A. Rico 
(Inst. Nac. Carbon Bol. Inf., 1959, 8, Sept.— 
Dec., 163-196) The heating-up of a coke-oven 
battery is examined in great detail. The prop- 
erties of the structural materials are 
reviewed and the maximum daily rise of temp. 
is calculated and related to the required gas 
consumption te obtain this result, allowance 
being made for drying, radiation, and other 
losses. Temp./time diagrams for making the 
preliminary calculations are derived, and 
results tabulated (22 refs). 

Explorations in coke making research with a 
full seale coke oven model A. H. Brisse and 
J.G. Price (AISI Reg. Tech. Meetings, 1959, 
105-123) A report on the effect of coal sizing 
on patterns of variations based on a series of 
tests carried out in a wooden test oven in order 
to investigate relationship of coal charge sizing 
to coal distribution in the commercial coke 
oven. 

Comparison of the measurements of the re- 
activity of coke W. Peters (Glickauf., 1960, 96, 
July 30, 997-1006) Coke samples from coking 
trials were given to four institutes for examina- 
tion of the reactivity. The four institutes 
measured the reactivity by different methods, 
but in spite of the great deviations in the test- 
ing methods the results showed very good 

ment. It is, however, suggested that one 
of the testing methods should be standardized 
to obtain a closer co-operation between the 
various research and testing stations. The 
results showed that the reactivity of the coke 
depends mainly on the final coking temp., 
whereas the course of the coking process does 
not seem to have any influence.—t.«. 

Assessment of the influence of coking rate on 
the mechanical properties of the coke J. R. 
Garcia-Conde and E. Alvarez Miyar (Inst. 
Nac, Carbon. Bol. Inf., 1959, 8, Sept.—Dec. 
157-162) The trials described were carried out 
on cokes from different blends coked simul- 
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taneously in ovens of different widths but with 
almost identical flue temp. For the blends 
examined 450 mm ovens were found, on the 
basis of Micum tests, to be more suitable than 
350 mm ovens. 

Ammonia-product of and servant to steel 
H. J. Weiland (AISI Reg. Techn. Meetings, 
1959, 367-383) The plant and process of 
Ketona Chemical Corp. at Ketona, Ala, are 
described by the works manager, followed by 
a general discussion. 


AIR POLLUTION AND SMOKE 


Atmospheric pollution S. H. Brooks (Appleby 
Frodingham News, 1960, 13, Spring, 5-11) A 
review with notes on control measures for 
blast-furnace plant. 

The phytotoxic effect of dust emissions and 
measures for their prevention FE. Pelz ( Technik, 
1960, 15, Aug., 549-555) The phytotoxic effect 
of dusts from various industries such as metal 
smelting is reviewed, and suggestions put for- 
ward for legislation in the German Democratic 
Republic for checking air pollution. 


TEMPERATURE MEASUREMENT 
AND CONTROL 


—— -Measurement, recording and 
co . Part V (Trattamenti Term., 1959, 2, 
Sept.—Oct., 22-25) This article describes the 
method of regulating temp. based on the 
principle ‘all or nothing’. This causes hunting 
and constant temp. cannot be maintained. 
More revently the principle of phase displace- 
ment has been copied with great effect to this 
problem. A compensating device combined 
with the usual regulating mechanism is used 
which consists of a differential thermocouple 
inserted in the circuit of the thermocouple of 
the regulator. The operator by this method can 
take compensating action in heating or cooling. 

thermocouples for the measurement 
of te ures above 1600°C [Engelhard 
Industries Ltd] (Metallurgia, 1960, 61, March, 
141-142) The advantages and disadvantages of 
the various couples available for temp. 
measurement above 1 600°C are discussed. The 
various couples produced by Engelhard 
Industries Ltd are listed and details are given. 


REFRACTORY MATERIALS 


Refractories: A review of the literature 
— in 1958 K. Konipicky and G. 

outschka (Stahl Hisen, 1960, 80, Aug. 18, 
1163-1167) (76 refs).—r.a. 

Refractory materials for the iron and steel 
industry. Part 11.J.M. Palacios Reparaz (Dyna, 
1960, 35, Feb., 102-114) [In Spanish] A com- 
prehensive review of the properties, manufac- 
ture, and applications of alumina-silica bricks 
is supplied together with data on the raw 
materials used. Mention is also made of special 
bricks of the sillimanite and alumina types. 

Basic refractories for the steel industry M. A. 
Fay (Jron Steel Eng., 1960, 37, May, 89-105) 
Development of basic refractories and their 
design, construction, and applications are 
reviewed, with a summary of the future out- 
look. 

The increase in specific once J of silica 
bricks when heated to high temperatures K. 
Konopicky and 1. Patzak (Trans. Brit. Ceram. 
Soc., 1960, 59, June, 213-223) Reheating for a 
long time at 1500°C increases sp. gr. This is 
attributed to the properties of pseudo-wollas- 
tonite and its behaviour in presence of tri- 
dymite and cristobalite. 

A new plant for gunite lining of industrial 
furnaces A. N. Novikov, 0. P. Berezinskii, 
A. G. Ganeev, and 8. M. Lebedev (Stal’, 1960, 
(8), 712-713) A system of mechanized hot 
repair using @ pumping system and hopper 
mounted on wheels for spraying powdered 
refractory-clay paste is described. 

Siliceous clay for wT linings Decrop 
(Centre Doc. Sidér., 1960, 17, (4), 987-1000) 
After defining natural siliceous clays and 
stating briefly how they differ from foundry 
sands, an par Mrs is made of their clay content 
and the size distribution of silica grains in 
order to assess their quality. 

Mi and of 


Almora M. Ramakrishna Rao, 
P. C. Sen, and H. V. Bhaskar Rao ( Refract. J., 








_——_— ~S. 





1959, 35, Sept., 270-271) A review. Analyses 
and the effects of additions of rutile, ilmenite, 
— me agen are shown.—8.H.-8. 

nv m and testing of 32 high-grade 
mortars for firecia brie G. R. Baaeer and 
J. R. Bachman (Refract. J., 1959, 35, Sept., 
268-269) A report on petrographic and chem- 
ical analytical tests of 32 brands of high-grade 
fireclay mortars, with tabulated cup-joint slag- 
test results.—s.H.-s. 

Studies in refractoriness of firebricks under 
lead J. C. Banerjee and D. N. Nandi (Refract. 
J., 1959, 35, Oct., 297-298) A report on Indian 
experience with moderate and high heat duty 
firebricks.—s.H.-s. ‘ 

Production of test specimens in refractory 
materials G. Castledine (Refract. J., 1959, 35, 
Oct., 292-294) Trepanning and other machine 
operations used for testing refractory bricks 
for tensile, tension, creep, and other properties 
are described and safety methods are indicated. 

iron spots in silicon bricks: Part 111. interim 
reports on field trials L. Sabiston (Refract. J., 
1959, 35, Dec., 347-349) An interim report on 
field trials, with the general conclusion that no 
differences in performance have been reported 
between material with and without iron spots. 

Contribution to the study of dolomitic mix- 
tures. Growth of a dolomite works as a function 
of research on the compactness of mixtures 
Decamps and Bonnier (Centre Doc. Sidér., Circ. 
1959, 16, (10), 2193-2203) On the basis of tests 
to determine the mixture of dolomite sizes 
giving the maximum density, the existing 
dolomite plant has been modified for the pro- 
duction of the required amount of fines. The 
average convertor lining life has been increased 
from 360-482 casts.—a.c. 

Firing tests on dolomite and attempts to 
measure the degree of bonding J. Baron 
(Centre Doc. Sidér., 1959, 16, (8), 1763-1770) 
Absolute and apparent densities and porosities 
of five raw dolomites, fired and bonded at 
increasing temp. are reported. A method of 
assessing the degree of bonding is suggested. 

Thermal shock resistance in ceramic 
materials L. Ferrer Olmos (Rev. Ciencia. A pl., 
1960, 14, May-June, 238-244) Investigations 
of the properties of ceramic materials are 
reviewed with respect to the assessment of 
thermal shock resistance. The important 
factors such as tensile strength, modulus of 
elasticity, Poisson’s ratio, and, most import- 
ant, coefficient of expansion and thermal con- 
ductivity are considered. The materials are 
grouped and discussed according to their dila- 
tation coefficients and a series of feldspathic 
porcelain mixes, fired to 1 350°C, has shown the 
importance of the dilatation coefficient as a 
measure of thermal shock resistance (45 refs). 


IRON AND STEEL GENERAL 


Steelmaking in the Soviet Union F. M. Rich 
(AISI Yearbook, 1959, 45-72) An account of a 
visit to the USSR. Capacity, output, methods, 
training, and research are discussed. 

The miracle of Chinese steel A. Cresta (Tecn. 
Indust., 1960, 38, June, 883-887) The author 
describes the rapid increase in Chinese steel 
production by small-scale, local methods. This 
development is used as a text by the author to 
discuss the planning of the Argentine industry. 
The Chinese example, together with the 
tendency to build medium-sized plant in 
Europe, suggest that small-scale plant which 
could be more widely dispersed is a most 
economical approach to national development. 

1959 Perspective of production and technique 
of iron and steel in Japan T. Yamaoka (Tetsu 
to Hagane, 1960, 46, Jan., 3-6).—-K.£.J. 

The Japanese and Asiatic steel industries G. 
Grenier (Mines Met., 1960, July—Aug., 421 
423) This article is mainly devoted to describ- 
ing the plant, production, and development 
programmes of the main Japanese steel com- 
panies. Tables show investment expenditure 
on various types of steelmaking plant since 
1956 and information is given showing how 
expenditure on the plant for the production of 
the various types of products has progressed 
during the same period. The raw materials are 
discussed, emphasizing Japan’s dependence on 
foreign supplies. The article concludes with 
brief notes on steelplant and production in 


China, Burma, Fortnosa, Indonesia, Southern 
Korea, Pakistan, Philippines, Thailand, Mal- 
aya, and Hong Kong. 


BLAST-FURNACE PRACTICE AND 
PRODUCTION OF PIG IRON 


of modern biast furnace prac- 
tice W. D. Millar (AISI Rev. Techn. Meetings, 
1959, 385-413) The three blast-furnaces of US 
Steel Corp. at Fairless Hills, Penn., are des- 
cribed and their method of operation discussed, 
with reference to current Russian practice. 

New blast-furnace charging gear N. 8. 
Shchirenko, V. P. Dobrov, A. M. Khmara, and 
Ya. G. Skripka (Stal’, 1960, (8), 698) An 
arrangement is shown, with a brief description, 
in which three superimposed hoppers are used 
to give better distribution and to minimize 
greatly the number of times the upper bell has 
to be lowered. The device is intended for opera- 
tion at high top pressures to reduce the 
abrasive effect of entrained dust. 

Remarks on the charging by skip and rotat- 
ing MacKee top of blast furnace No.6 at 
Senelle G. Masse (Centre Doc. Sidér. Circ., 1959, 
16, (11), 2373-2380) The charging system is 
described and its performance is assessed from 
the aspects of radial and peripheral segrega- 
tion, reproducibility and flexibility. The main 
shortcoming is poor peripheral distribution 
and possible ways of overcoming this are 
indicated.—a.a. 

Experience with self-fluxing sinter at the 
Steel Co. of Canada Ltd J. S. McMahan (A/SI 
Yearbook, 1959, 75-122, discussion 123-138) A 
discussion of sinter and blast-furnace practice 
with results of a trial on four furnaces. Full 
analytical figures are shown and the value of 
sinter is stressed. 

A new correlation of blast penetration in a 
blast furnace G. C. Gardner (Trans. Met. Soc. 
AIME, 1960, 218, June, 423-430) A new 
correlation of blast penetration in model and 
operating blast-furnaces is presented which 
overcomes objections to previous correlations. 
The tuyere dia. appears only of small import- 
ance in determining the magnitude of the 
penetration. The data from operating furnaces 
correlate satisfactorily with the data from 
models where the cross-section is a segment of 
a circle. 

Carbon bricks for lining biast furnaces D. W. 
Hubbard ( Research, 1959, 12, Aug.-Sept., 322 
325) The use of carbon linings is briefly de- 
cribed and discussed.—-8.H.-8. 

Charge hanging with oxygen-enriched biast 
M. A. Stefanovich (Stal’, 1960, (8), 680-683) 
The resistance to gas flow increases with the 
use of O, (and with rise of blast temp.) because 
of more rapid descent of the charge, less 
complete reduction during slag formation and 
more rapid combustion of coke. These factors 
may also cause hanging of the charge. 

A new hot-cooling system for metallurgical 
furnaces F. Bukau (Neue Hiitte, 1960, &, June, 
337-348) The underlying principles and main 
features of various hot-cooling systems are 
reviewed, and a new system is described, which 
has been developed in the Forschungsinstitut 
fiir technologische Entwicklung und Wiarme- 
technik der Metallurgie, Leipzig, which is 
simple in design and economical to operate 
(22 refs). 

Slag formation in the blast furnace smelting 
of fluxed sinter B. N. Starshinov, V. P. Ono- 
prienko, V. L. Pokryshkin, P. H. Netrebko, 
and D. 8. Yalovoi (Stal’, 1960, (8), 673-680) 
Sampling arrangements were made on a 
1248 m® furnace producing foundry iron. The 

osition of slag formation was found to be 
argely at the furnace wall and the dissociation 
region of limestone and the CO, and CO distri- 
butions were similarly mapped. Sulphur is 
absorbed by the lime mainly at the hearth. 
The effect of raising basicity from 0-7 to 1-0 
was investigated. The conclusions are ques- 
tioned in an editorial note. 

Emptying and cleaning a biast furnace stack 
G. Masse (Centre Doc. Sidér. Circ., 1959, 16, 
(8), 1741-1751) A description is given of the 
blowing out of a furnace using atomizing 
water sprays to regulate top temp., followed by 
dynamiting of a seaffold.—a.a. 

Stock descent in a blast furnace before 
dynamiting P. Jourde (Centre Doc. Sidér. Circ., 
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1959, 16, (8), 1753-1762) Blowing out of a 
5-5 m dia. furnace was accomplished with the 
aid of atomized water sprays which kept top 
temp. down to a satisfactory level.—a.a. 

Use of agglomerates during the shut down of 
a biast furnace for rebuilding or repairing the 
stack at Aciéres et Miniéres de ia Sambre ©. 
Caudron (Centre Doc. Sidér. Circ., 1959, 16, 
(10), 2171-2181) Experiences with the charg- 
ing of + 10 mm sinter during the shutdown of 
three furnaces are reported. The sinter is able 
to absorb sufficient water to keep down the 
top gas temp. and flows easily after the furnace 
is blown out.—-a.«G. 

Analysis of biast furnace performance. 
Method of adjusted coke rates G. Thibaut 
(Centre Doc. Sidér, Circ., 1959, 16, (7), 1541 
1553) After correction of the coke rate for 
variations in blast temp., Si and carbon in the 
iron, slag weight and basicity, ete., there are 
still residual errors between furnaces. It is 
shown that these deviations largely disappear 
if hearth dia. is taken into account, there being 
a marked reduction in heat consumption as the 
furnace size increases. a.G. 

Measurement of the wear of blast furnace 
brick work with a radioactive isotope. | A. 
Tominaga, T. Yateuzuka, and 8. Shono (Tetsu 
to Hagane, 1960, 46, Jan., 7-11) Voice’s method 
using a “Co tracer was investigated. Prelimin- 
ary work included measuring absorption co- 
efficients of B.F. constructional materials, 
determining the amounts of tracer to be en- 
closed, and tests with a brick model. U1 (Feb., 
130-134) Twenty-two “Co specimens were 
buried in the brickwork of Kamaishi No.1 
furnace when it was relined. The state of wear 
has been measured weekly for over a year; 
within four weeks, two specirnens at one-third 
of the depth of the bosh brickwork were lost. 

Recent improvements in cleaning biast furn- 
ace stoves H. Rudich (/ron Steel Eng., 1960, 
37, May, 151-152) The use is described of 
power-driven, flexible solid-spring steel rod 
developed by National Power Redding Corp. 
for cleaning blast-furnace stoves. 

Trials on Gerin Cowpers at U.C.P.M.1. D. 
Sanna and G. Warynski (Centre Doe. Sidér. 
Circ., 1959, 17, (11), 2381-2397) These Cowper 
stoves with the Gerin system of chequers had a 
high gross thermal efficiency (92°) and a low 
resistance to flow. The importance of selecting 
the correct size of orifice in this type of stove 
is stressed.—Aa.a, 

A study of the reduction of chrome ores 8. 8. 
Lisnvak (Stal’, 1960, (8), 698) A brief note from 
Chelyabinsk. Measurements on reduction by 
solid C and controlled Co pressure were made. 

Report of the pig-making division (7'etsu to 
Hagane, 1960, 46, July, 797-798). 

Reports of the 54th Committee (Pig making) 
Japanese Society for the Promotion of Science 
(Tetsu to Hagane, 1960, 46, July, 799-803). 

Kalinga Industries Ltd's low shaft iron furn- 
ace in ssa Kalinga Industries (/ron Steel 
Rev., 1959, 3, Aug., 37-38) The building of a 
furnace to reduce iron ore rejects (of size 
4-14 in) is described. The furnace was designed 
by Krupp of Essen, and is being run on nut 
coke of 4-14 in size for the present. Due to the 
lack of metallurgical coke reserves in India, 
this sort of furnace seems to have a promising 
future. Such furnaces could also be economic- 
ally built to provide pig iron for foundry use. 

‘California iron ore’ H. EK. Henderson 
(Foundry, 1959, 87, Nov., 218-224) An account 
is given of an early trial of the ‘Driscoll’ pro- 
cess for making iron. This involved charging a 
column of lignite, iron ore, and limestone into 
an electric furnace hearth. Doubtful economics 
stopped the application to Californian iron 
ores.—A.@. 

Direct reduction of iron ore KR. R. Rogers 
(Department of Mines and Technical Surveys, 
Ottawa, Mines Branch Information Circular 
IC 109, 1958, Oct., pp.13) Several typical 
direct reduction processes are described 
briefly, namely the H-iron, Madaras, Wiberg- 
Séderfors, Stelling, R-N, Kalling, Strategic- 
Udy, and Krupp-Renn processes. 

Fundamental thermodynamics of the reduc- 
tion of iron oxides L. ©. Correa da Silva (Bol. 
ABM, 1960, 16, July, 617-640) The thermo- 
dynamical considerations necessary to under- 
stand the reactions in the blast-furnace and 
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processes are described. It is 
aes out that these fundamentals can be 
ved only by a careful study of the C-Fe—O 
system. This ternary diegram is con- 

— ——— between 

ao c-O, the pseudo- 

or ke eed correspondence clearly 

shows the , aoe of the oxidation-reduc- 
tion diagram of the Fe-C-O system. It is 
pointed out that some errors may be found in 
published versions of this diagram; these are 
described and corrected. A comparison with 
the co ft tae me diagram of the Fe-H- 
O system is made.—?.s. 

Kinetics of reduction of magnetite 
J. M. Queta, M. adsworth, and J. R. Lewis 
(Trans Met. Soc. AIME, 1960, 218, June, 
545-549) Samples of synthetic magnetite were 
reduced in H, at various partial ures and 
temp. The reaction was found to be surface 
controlled and directly proportional to hydro- 

gen partial pressure over the temp. ——- 
Sadied (400° to 1000°C). A transition in t 
ism occurred at approximately 590°C. 
This has been attributed to a change in the 
slow step of the reduction reaction resulting 
from the presence of stable wistite at higher 
temp. Below 590°C the heat of activation for 
the reduction was found to be 14700 cal/mole 
and it was 3200 cal/mole above 590°C. 

Results of Aomap gt with sodium sulphide 
to remove Simkovich and R. W. 
Lindsay (Trans. agg tm Soc. AIME, 1960, 218, 
June, 565-570) The possibility of using Na,S 

to: remove — from ferrous alloys has 
been investigated by Jordan and Langenberg. 
In these studies such slags were found to be 
capable of remo and sulphur from 
the melt. This article describes further investi- 
gations made to clarify the effects of temp. on 
r removal. 


on masks for protection against blast- 
furnace gas M. Malvaux (Centre Doc. Sidér., 
1960, 17, (5), 1183~1199) This article gives the 
results of a questionnaire sent to works regard- 
ing protective masks and describes the masks 
, together with their performance 
An economic assessment of b mee applications 
of the Krupp-Renn process to 
Lerraine ores J. Astier and G. Rendlage: vata (Centre 
Doe, Sidér., 1960, 16, (4), 919-930) The price 
per t of pellote has been calculated for ores of 
varying quality and technical and economic 
data are given for each cost item. In relation to 
the usage value of the Krupp-Renn balls 
(about 180 new francs/t) siliceous ore of 30- 
33°%Fe content can be used. 
ju-iro 


~ 4 

T. F. Reed, J, C. Agarwal, and E. H, snipley 
(J. Met., 1960, 12, April, 317-320) The prin- 
it of the Ps ess developed by US Steel 
rp. is outlined, and pilot-scale trials are 
Gotcibed, from which it is shown that the 
nse is technically feasible. A reducing gas 
preheated, and the ore is reduced in two 


‘es. 
*“i-iren production by Alan Wood R. A. 
Lubker and R. W. Bruland (J. Met., 1960, 12, 
April, 321-324) A description of the design and 
operation of the first commercial H-iron 
installation, the Alan Wood plant, for the pro- 
duction of iron powder. Bethlehem Steel are 
constructing a second unit in Southern 


California. 
ms for lubricants and lubricated 
in iron smelters H. Béer (Stahl Hisen, 
1960, 80, Aug. 18, 1169) A review of the Ger- 
man DIN specifications in this field.—r.a. 





Den Or eka oe AND 
USE OF SLAG 


Sapa attinn wick’ toe hesetes sian 
A. 8. Serovi (Lit. Proizv., 1960, (1), 38-39) At 
the Sukreml’ Foundry, cupola slags are used to 
make mineral (slag) wool in = a cupola in 
which iron is melted, without a second melting 
of the slag. The melting is done with coke, she 
consumption of which amounts to 16-17% of 
the slag. The molten slag is atomized by steam 
under a pressure of 6-7 atm and a organ 
arrangement for the purpose is descri 

"competition tor ant it sli ms 
of m N. L. Zhilo (Stal’, 1960, 0 
715) A note from Chelyabinsk. Slags with 


45%S8i0, are the most fluid over a wide range 
of MgO: -Al,O, ratios. 


PRODUCTION OF STEEL 


For the first time—over 200000 tons of steel 
per month (Werk. u Wir, 1960, 8, May—June, 
159-161) To mark the attainment of a record 
erude steel production of 200000 tons by 
Westfalenhitte in March 1960, this article 
reviews the development of steelmaking plant 


“ eee may over the past 80 years. 
special + danke to the meee ~4 
r urg- 
processes with involved M. Hater (Mitt. 


Forschunges. comm een y 1960, (15-16), Aug. 
10, 188-194) A lecture delivered at a meeti: 
of the society, reviewing the present-day tren 
in orange —T.G. 

in iron yoy ee . M. Samarin 
wo ademie, 1960, 1 ay—June, 262-270) 
The activity of 0, i in i uid iron, deoxidation 
reactions with Si, solubility of O, in Fe-V 
melts, changes in O, solubility in Fe—Si alloys 
under high vacuum, and the influence of 
various elements) on the solubility of O, in iron 
melts are among; the subjects considered with 
reference to the literature (30 refs). 

$3 (Metal- 


More tonnage o steelwork: 
lurgia, 1960, 61, March, 104) New tonnage 
oxygen plants are to be built in the vicinity of 
various steelworks. The capacities of the pro- 
posed plants are given. 

U oxygen nts G. P. Andersen 
(Chem. Eng. Progr., 1960, 56, May, 58-60) The 
important features that ensure safe operation 
of a plant which functions automatically and 
entirely without operating labour, being kept 
locked and checked daily or weekly according 
to size, with the addition of a safety monitor- 
ing system to a supervisor, are described; and 
design, instrumentation, construction, and 
maintenance practices are presented and 
discussed.—s. H.-S. 

Oxygen processes for iron and steel making I! 
K. Morinaga (Tetsu to Hagane, 1960, 46, July, 
775-787) A review (95 refs). 

New method of investigating the equilibrium 
in the system metal-siag Sourov, O. V. 
Travine, and L. A. g ~ Phten (* Principes 
Physico-Chimiques de I’ Elaboration de l’ Acier, 
pp.291-295) artition of constituents is 
measured by ing radioisotopes through the 
slag into the metal; the method is an improve- 
ment on the technique proposed by Zhukhov- 
itsky and Zhuravlev in that larger amounts of 
metal can be used, giving better control. 

Kinetics of decarburisation in molten steel. 
wh Effect of temperature, area in contact with 
crucible wall, area of free surface and rotation 
on the rate of decarburisation T. Fujii (Tetsu to 
Hagane, 1960, 46, Jan., 12-19) Results from a 
high-frequency induction furnace are given. 

owing for decarbonization by the crucible 
wall (MgO), the rate of decarbonization is 
linear with temp. to 1500-1650°C. It is linear 
with the area of free surface of molten steel. 
With rotation, it is linear with the area of the 
free surface of the paraboloid of rotation. 

Basic oxygen steel making J. E. Tredinnick 
(AISI Reg. Techn. Meetings, 1959, 215-232) A 
report on the effect of basic oxygen production 
between Dec. 1958 and June 1959, in the 
Fontana, Cal., plant of the Kaiser Steel Corp. 
with tabulated data. 


Trends and present conditions in converter 
steelmaking at the Japan Steel & Tube Co. Ltd 
T. Kinoshita (Tetsu to Hagane, 1960, 46, July, 
788-796). 
The decarburization of the pitch-dolomite 
lini one Say Senses epeuerer and Se 
for the life of the lining J. N. 
arbing, A. Latour, and L. Heinen (Radex 
Runds., 1959, May, 517-532) Decarburization 
of the pitch-dolomite lining of basic converters 
oceurs during holding time after blowing with 
O, from the air entering the converter. De- 
carburized linings showed a much reduced 
service life, the depth of the decarburized zone 
depends on the original carbon content of the 
mix. The studies described include tests with 
a. mag carbon content and a coking of the 
ag both were successful in increasing lining 
order to prevent decarburization, waste 
gases containing CO, were injected into the 
converter during holding time, this was 
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successful but the use of N, was better. Of 
course the best method of avoiding decar- 
burization is the use of magnesite as it does not 
contain carbon, but unfortunately magnesite 
cannot withstand the frequent temp. changes 
involved in the use of a converter.—t.G. 

of the Thomas Steelworks: 
Method of ulations used at Differdange M. 
Schmit (Centre Doc, Sidér., 1960, 17, (4), 931- 
933) This short note reproduces the method of 
calculation used in a survey of plant carried 
out with a view to operating the converters 
according to the production programme. 

Contribution to the study of the dephosphoriz- 
ation process in the basic Bessemer converter 
G. Husson (Centre Doc, Sidér. Circ., 1959, 16, 
(7), 1555-1566) An attempt is made to explain 
the observed phenomena of the conversion 
process in terms of the changes in slag compo- 
sition which occur during dephosphorization. 
Various methods of determining the end-point 
are considered and the value of the ‘opaci- 
meter’ is stressed. (Discussion) ( (11), 2399- 
2402) In the discussion on the use of the 
‘opacimeter’ to control the converter process, 
the effects of an excess or deficiency of lime are 
debated.—a.G. smh 

Oxygen converter processes H. F. ury 
(Refract. J., 1960, 36, May, 118-122) The 
various processes including LD and LD-AC are 
outlined and refractory practice and converter 
wear are considered. 

De of iron in the converter by 
blowing with powdered oxidants A. N. Lekont- 
sev (Stal’, 1960, (8), 701-703) High temp. pro- 
motes the oxidation of C and may promote the 
re-entry of V and Cr. Scale or Fe-V concen- 
trate is blown into side-blown converters 

ving slags with higher V,O, contents. 
ones nies cones 

re, ng across 

theoretical and ions J. Galey 
(Centre Doc. Si ee - (11), 2403-2425) 
The method of optical pyrometry described 

ives good agreement with the temp. measured 
c immersion pyrometry. The form of the 
temp. curve as a function of the volume of air 
blown is described and practical consequences 
are considered.—a.G. 

The quality of converter rimming steel meited 
with oxygen blowing A. P. Gulyaev, A. A. 
Mitrofanov, and M. A. Volkova (Stal’, 1960, 
(8), 741-745) A long term comparison with OH 
steel is reported. Composition and mechanical 
properties were measured and converter metal 
was found to meet the GOST 380 specification 
though not so regularly as OH. However, it is 
regarded as unnecessary to draw up separate 
specifications for OH and converter steels. 

Practical dimensions for open hearth 
furnaces N. V. Keis and A. I. Komissarov 
(Stal’, 1960, (8), 715) A note from Chelyabinsk. 
A study of port design is said to have increased 
output by 4-10% and reduced fuel consump- 
tion by 5-11% 

Effectiveness of using spinellide magnesium 
oxide root bricks in open hearth furnaces N. V. 
Keis and A. I. Komissarov (Stal’, 1960, (8), 
715) A note from Chelyabinsk. The use of 
PShS brick instead of magnesite-chrome gives 
16-5% less wear but 8% greater heat loss. 

Tests on silica bricks of different origins in an 
open hearth lining J. Vergé and M. Grafteaux 
(Centre Doc. Sidér. Circ., 1959, 16, (10), 2221- 
2241) Three types of silica brick of varying 
degree of transformation and different chemic- 
al analysis were compared in the roof of a 
working furnace. No significant difference was 
observed, in agreement with a quality index, 
total porosity +20xAl,0,—50 (absolute 
density —2-3) which was sim ilar for all bricks. 

Reflections on refining and deoxidation in the 
Martin furnace M. Husson (Centre Doc. Sidér. 
Circ., 1959, 16, No.8, 1774-1776) Discussion of 
the paper pp.2067—2079 (Oct.). 

Determination of the ideal limestone con- 
pare and the development of slag condi- 
tions for open-hearth heats N. V. Keis and A. I. 
Komissarov (Stal’, 1960, (8), 715) A note from 
Chelyabinsk. A method of reducing the lime- 
— used by 4-6% is given. 

he operation of a 400-ton hearth 
Pate y-product petroleum gas F. D. 
Voronov, A. ns Trifonov, 8. E. Khusid, E. I. 
Dikshtein, E. V. Val'piter, Yu. B. Snegirev 
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and V. G. Antipin (Stal’, 1960, (7), 594-598) A 
review of the process of adapting the OH to 
firing with this gas, the analysis and calorific 
value of which are given. Large savings are 
claimed. 

The use of silicon-chromium in the meiting 
of steel in open-hearth furnaces M. I. Kolosov, 
A. I. Stroganov, N. V. Keis, V. F. Bogatenkov, 
O. Ya. Vainshtein, A. M. Danilov, B. F. Zverev 
N. G. Antropova, and V. A. Khryukina (Stal’, 
1960, (7), 607-608) Savings are claimed by the 
use of Si-Cr in the deoxidation of low-carbon 
types of Cr steels. 

Use of nickelous oxide in melting nickel- 
bearing steels in open hearth furnaces N. V. 
Keis and A. I. Komissarov (Stal’, 1960, (8), 
715) A note from Chelyabinsk. Satisfactory use 
of NiO in amounts of 250-3700 kg per heat 
according to grade of steel is reported. 

Oxygen in open hearth steelmaking (Jron 
Coal Trades Rev., 1960, 181, Aug. 12, 355-362) 
Papers at the BISRA Junior Steelmaking 
Conference. Oxygen as an aid to combustion 
J. R. Bell (355-357) Trials at the Redcar works 
on use for flame enrichment, for decarburiza- 
tion and for refining are reported. Oxygen for 
refining at the R jurne works of Richard 
Thomas & Baldwins Ltd A. 8. Barker (357- 
358) Experiments with O, lancing are briefly 
summarized. Oxygen for pre-refining E. Davies 
(358-360) Oxygen lancing in the ladle and the 
construction of a pre-refining vessel are 
outlined. The Ajax process A. Jackson (360- 
363) Production figures are given. 

Use of oxygen in the burners of the rich fuel 
O.H. furnaces of the 0.H. steelworks at Mont 
Saint-Martin Mulsant, Galloy, Jouhaud, and 
Poiré (Centre Doc, Sidér., 1960, 17, (4), 947- 
962) Tests carried out during a period of more 
than a year showed an appreciable rise in 
furnace productivity of a minimum of 10%. 
For one furnace studied in more detail in which 
alternate comparative tests were carried out, 
the minimum increase in productivity was 
28%. This furnace was already overcharged 
with 80 t for a hearth surface of 22-5 m*. 
Hourly production increased from 320 kg per 
m* of hearth surface to 400 kg with oxygen. It 
is concluded that oxygen should be used during 
the entire furnace campaign. 

How oxygen in open-hearth steel- 
making A. L. Hodge and C. 8. Arnold (J. Met., 
1960, 12, April, 325-330) Oxygen sources and 
distributing efficiency are reviewed and the 
chemical and thermal effects of a high oxygen 
input rate are discussed and data analysed. 

The use of oyxgen in the open-hearth furn- 
ace |. Present-day processes i. Fiissl (Radex 
Runds., 1959, May, 533-545) A review based 
on published information of the use of oxygen 
in OH furnaces with considerations of the 
financial savings made (12 refs). H. Applica- 
tion of the processes used in steelmaking with 
oxygen to the use of oxygen in the epon hearth 
furnace W. Schreiber (546-556) The technical 
similarities existing between the use of oxygen 
in the converter and in the OH furnace are 
discussed on the basis of published information. 
The increase in output of the OH furnaces by 
the use of O, in connexion with the great 
advantages that the OH furnace offers is 
emphasized (42 refs).—tT.«G. 

se of oxygen lances and basic brick in open 
hearth furnace roofs H. A. Parker and T. 
Schane jun. (AISI Reg. Techn. Meetings, 
1959, 305-330) An improved method of intro- 
ducing gaseous oxygen into the bath, and so 
reducing heat time, and a type of basic roof 
construction is illustrated for which, by avoid- 
ing wide variation of temp. and giving — 
roof life, increased production is claimed. The 
results are tabulated and compared with those 
of previous practice. At high operating rates, 
silica roof life is reduced 10-20% when using 
oxygen. With basic roofs the life is two-three 
times that obtained on silica roofs. 

wee ane © tee = — —_ — + ag 
nag fe eae ee yO. ikov, M. M. il’ko, 
V. M. Prilepskii, and A. P. Zubkov (Stal’, 1960, 
(8), 708-710) Using mill scale in place of ore 

uces li to F tion, raises slag 
fluidity and basicity, enables low-S steels to be 
produced, accelerates slag formation, reduces 
ye and makes it easier to remove, 
with decrease of costs and increase of pro- 
ductivity. 


at 





ncreasing the produc- 
ti of this furnace J. Fauchon, J. Serre, and 
L. Septier (Centre Doc. Sidér., 1960, 17, (4), 
935-946) The conditions under which the tests 
were carried out are described. In two weeks 
operation the average gain in hourly produc- 
tion was 11-4%. The average speed of melting 
increased by 15-5% during two weeks’ opera- 
tion. 

Control of flame direction in OH furnaces 
fired by lean gas L. Septier (Centre Doc. Sidér., 
1959, 16, (8), 1771-1774) The injection of com- 

ressed air or steam with the flame is discussed. 
creased production and a 10% saving in 
heat consumption is claimed for this technique. 

Open hearth heats i by blowing air 
from into the bath K. M. Trubets- 
kov and M. Ya. Medzhibozhskii (Stal’, 1960, 
(8), 714) A review by the former of a book of 
this title by the latter. Various minor criti- 
cisms of the test are made. 

Contribution to the study of open hearth 
regenerators L. Septier and J. Serre (Centre 
Doe. Sidér. Circ., 1959, 16, (10), 2205-2220) 
Factors governing heat exchange and gas flow 
in regenerators are discussed and conclusions 
are drawn regarding ways of improving therm- 
al efficiency, simplifying construction, and 
reducing refractory wear.—a.G. 

An effective layout for eet checkers 
L. M. Lomakin, 8. 8. Pi v, and V. A. 
Rybnikov (Stal’, 1960, (8), 710-711) The two 
top courses are made of silica brick and the 
rest of magnesite. The SiO, brick is intended to 
catch the dust. The system is satisfactory for 
moderate temp. (1350-1 400° in the later stages 
of the campaign). Substitutes for magnesite 
should be sought as it is in short supply. 

Recent improvements in cleaning open- 
hearth checkers (Jron Steel Eng., 1960, 37, 
May, 172) A description of the use of high 
pressure water by Great Lakes Steel Corp. for 
cleaning their OH furnace hot brickwork 
checkers. The water is supplied by a portable 
trailer-mounted rig. 
criterion of the operation of a Mnore-type open 

a Maerz- open 
hearth furnace fired with brown coal producer 
as A. Friedrich (Bergakademie, 1960, 12, 
ay—June, 305-306) Total radiation measure- 
ments and measurement of the spectral distri- 
bution in the visible region of 400-660 mp 
indicated that neither luminosity nor flame 
temp. could be used alone to assess flame con- 
ditions. The effects of various preheating temp. 
and tar additions on flame luminosity were 
examined. 

vaca and application of ejector pumps R. 

Jung (VDI-Forschungsh., 1960, 26, (479), 


pp-32) The theory of ejector pumps is develop- 

with the aim of establishing design princi- 
ples for industrial applications such as ventila- 
tion, carrying away waste gases from furnaces, 
e.g. OH furnaces, etc. Examples of applica- 
tions are quoted.—t.a. 

& from open hearth to arc electric 
furnaces W. J. Bolton (AISI Reg. Techn. 
Meetings, 1959, 193-212) A short account of 
the conversion from OH to electric-are furnace 

roduction in the Seattle, Wash. plant of the 

thlehem Steel Co. between 1956 and 1960, 
with resultant increased production. 

Britain's est electric arc steel furnaces 
(Metallurgia, 1960, 61, March, 103-104) A 
description of the new electric steelmaking 

lant to be installed by the United Steel Co. 
td. These furnaces will have a nominal 
capacity of 150 t and are of Demag design. 

Electric furnace operations at Gadsden L. B. 
Wright (AISI Reg. Techn. Meetings, 1959, 
361-366) The operation of Republic Steel 
Corp.’s two 175-t electric furnaces at Gadsden, 
Ala., is briefiy described. 

Inductive stirring in electric arc furnaces 
B. Hanas (Neue Hutte, 1960, 6, June, 323-331) 
The results of several years’ experience with 
the technique have borne out the satisfactory 
results of earlier trials. The construction and 
operation of the equipment are described. 
Advantages are: the th is more homo- 
geneous; chemical reactions between steel and 
slag are accelerated; slagging-off is simplified; 
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and the number of inclusions in the steel is 
reduced. 


Leakage detector uency furnaces 
Rigollet (Centre Doc, Sidér., 1960, 17, (5), 1201- 
1206) This article describes a warning device 
used for the detection of leakages in high- 
frequency furnaces. An electrode inserted in 
the bath, or 2 or 3 cm in the clay, is led down to 
the ground. This earths the bath and is a pro- 
tection for personnel ing non-insulated 
tapping bars. The clay becoming a heat con- 
ductor if metal infiltrates to the winding or if 
the wall thickness is insufficient, a current 
passes between point B of the coil circuit and 
the metal. This passes through resistance R, 
there is a fall in tension which is shown on an 
ammeter. As soon as the metal approaches the 
winding or the thickness of the crucible de- 
clines to danger level this is shown on the 
ammeter. When it shows the maximum value 
the liquid metal must be evacuated as quickly 
as ible from the crucible. 

and casting of rail steel A. N. 
Morozov (Stal’, 1960, (7), €10) A note from 
Chelyabinsk, with the Ashinsk Iron and Steel 
Works. Impact strength of the M168 steel was 
low and it was found that the use of more Fe- 
Si and Al for deoxidation corrected this. 

On the nucleation and growth of CO bubbles 
in liquid steel. Kinetic studies on the steel- 
making reaction K. Niwa and M. Shimoji 
(Tetsu to Hagane, 1960, 46, Jan., 19-24) The 
reaction between carbon and oxygen in liquid 
iron is discussed in terms of rate determination 
by the diffusion film theory. The most reason- 
able process is transport of dissolved elements 
to the existing surface of CO bubbles. Nuclea- 
tion for the bubbles would occur at solid-metal 
interfaces (14 refa).—-K. 8. J. 

improving the ey of 18KHNVA steel 
N. V. Keis and A. I. Komissarov (Stal’, 1960, 
(8), 721) A note from Chelyabinsk. New melt- 
ing practice reducing H, content is indicated. 

Development of a ng practice and im- 
provement of the surface of ingots of 1Kh1SNST 
stainless steel N. V. Keis and A. 1. Komissarov 
(Stal’, 1960, (8), 721) A note from Chelyabinsk. 
Mould dressings were tried, a petroleum- 
ceresin composition being the best, and fuller 
deoxidation with Si-Cr and Fe—Cr, with saving 
in the latter is used. 

Sengeened qty 62 tee Geant steel N. V. 
Keis and A. I, Kornissaroyv (Stal’, 1960, (8), 
757) A note from Chelyabinsk. A new melting 
technique with a more intensive boil reduces 
non-metallic inclusions. The coraposition of 
30Kh9SNA steel is critical, any deviations 
reduce mechanical properties. Heat-treatment 
conditions are given. 


practice for the popesion 
of bali-bearing steel 8. G. Voinov (Stal’, 1960, 
(8), 716-721) A study was made of non- 
metallic inicusions. Detailed instructions 
covering melting practice are given for reduc- 
ing these to a minimum. The method has been 
in use since 1957 and the great improvements 
it has produced are shown. 

St of the of the Gazal process 
te the desuiphu of iron Lambert and 
Messin (Centre Doc. Sidér. Circ., 1959, 16, (10), 
2183-2191) The Gazal process involves agite- 
tion of metal and slag by compressed air or 
nitrogen introduced via porous plugs. Trials 
are reported on the desulphurization of ordin- 
ary omas irons, the factors studied being 
silicon content, limestone additions, charge 
temp., etc. Results suggest that the process is 
both economic and simple to operate.—a.G. 

A practical design for blooming mill i 
moulds D. F. Nagoviteyn (Stal’, 1960, (7), 602- 
607) Tests on moulds with different ratios of 
height to cross-section showed that the longer 
and narrower ingots gave better macrostruc- 
ture and improved h gz ity, red d 
discard, and increased soaking-pit capacity 
and mill output by reducing the rolling re- 


quired. 

controlied tests on ingot mould 
lite J. Duflot (Centre Doc. Sidér. Circ., 1959, 16, 
(7), 1567-1608) An account is given of methods 
of quality control applied to ingot moulds. The 
statistical treatment for sample lote of con- 
stant and variable size and for constant 
time intervals is described in detail.—a.o. 
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V. G. Malinovskii and A. 8. Babii (Stal’, 1960, 
(> 610) A note from Enakievo. Sete cooling of 


op er ae reduced 
consumption from 23 to 10-8 kg/t steel. 

Sand ring formulation for hot 
top practice G. M. Corbett R. H. Cooper 


.» 1960, 37, May, 171-172) 
oe nag a ge a 


is added water-soluble liquid phenolic resin 
and MgO. 

in the production of 10-ton rail 
steei F. F. Sviridenko, A. N. Popova, 
M. G. Fradina, A. V. Chernova, and L. P. 


Tarasova (Stal’, 1960, (8), 699-701) Changing 





examples of the determination of 
and a study = the solidification of ae 
W. Heine, E. H. King, and 
J. 8. rene ae (Mod. Castings, 1960, 37, 
May, 88-90) The various improvements 
effected by the use of additives are discussed, 
particularly the effect on flowability, —— 
sion control, casting finish, and edge an 
surface hardness. 

The role of silicon in the formation of internal 
chills in cast iron rings I. V. Lebedev 
(Lit. Proize., 1960, (2), 45) Si reduces the solu- 
bility of carbon in iron and increases the 
eutectic limit. However, the tendency of iron 
to internal chills increases also. It is therefore 


ig temp. 





to 10-t ingots (from 6- and 8-t ingots) r i d 


possible to attribute this to any one factor 


h 





teeming time by 10% and train maeneing Se by 
31%, with saving in soaking pe time 
reduced metal consumption in rolling. 


from twin-nozzie ladies by 
remote control P. K. Morokov, I. A. Sokolov, 
8. P. Kochnev, and I. M. Kurpyaev (Stal’, 
1960, (8), 704-708) A kn hydraulic stopper 
control system is shown. With twin-nozzle 
ladles, if one becomes unserviceable, work 
eontinues with the other. An increase in output 
is claimed besides the safer and better working 
conditions. 
Exothermic sideboards increase ingot 
Allegheny Ludlum Steel Corp. (Iron Steel 
1960, 37, May, 161) Hot tops are alimninated 
and two exothermic side- -pieces inserted along 
mas sides in the heads of wide end down 
moulds, Increased ingot yields, time saving, 
increased mould life, and the use of wide end 
down moulds (easier to strip) are among 
advantages claimed. 
eutene ed neem 
a ahaa and are E. 


= - Met., fseo, 12, April, 331-337) 
Statistical equations are derived for expressing 
the temp. drop between tapping and t ag in 


a variety of causes influence the forma- 
tion of chills, among which may be counted 
rate of recrystallization, chemical composition, 
liquation of the phosphorus and other com- 

nents, the presence of active graphitization 
oci, ete. 


The relations between wall thickness and the 


Snares peegeeee of grey ene ee 4. de Sy 
and J. van Eeghem ((iesserei, 1960, 47, June 
16, 315-323) e relationship between tensile 
strength, Brinell hardness, and wall thickness 
were investigated statistically on about 2000 
specimens of lamellar graphitic cast iron, the 
influence of P content being also taken into 
account. The general validity was also con- 
firmed of Collaud’s formula: log o=1log cago 
+ ; es (log HB, —log HBg,) (13 refs). 
use of niin alte in the calculation of 
ocesses exem- 
ouited In he in heavy industry H. Geissler (Technik, 
1960, 15, yee 517-521) The calculation of the 
output in the foundry is used as an example for 
the application of nomograms.—tT.«G. 
Thames foundry of the Ford Motor Co. Ltd 
(Refract. J., 1959, 35, Sept., 277-279) A brief 
Tetechione ‘of the design and layout of the new 





the case of an OH and basic-oxygen plant in 
terms of tapping time, ladle additions, and 
ng times, and the results are 


amy K. A. Pak x Sal, 1960, 1960, toe party 696) 


Teste on model ladles of one-tenth linear 
dimensions were made showing the advantages 
of exterior ribbing. Strain-gauges were used to 
measure deformation which was caused by 
creep at the high temp. 

Continuous casting at Terni M. Signora and 
R. Cardano (Fonderia Ital., 1960, 9, (6), 265— 
273) This article describes the plant and its 
operation at the Terni Cormpany. The plant 
has a capacity of 150000 t a year and casts 
billets 140x 140 mm. 35~60-t furnaces are 
used. The main conclusion is that it is necess- 
ary to operate the plant to its maximum 
capacity if the economies inherent in the pro- 
cess are to be fully realized and therefore ateel- 
making must be speeded up to support the 
increased rate of production through con- 
tinuous casting 


of inaculants onthe erytalization and 
in cast 


sulphur 

N. 8. Kreshchanovskii and I. E. Zat feovatl aki 
Metallov. Term. Obra. Met., 1959, (3), 33-37) 
he effect of sulphur in these steels is discussed, 

and the results of work on the effect of Zr, Ce, 

and Ca additions to the steel, and of radio- 

graphic studies of the distribution of sulphur 


(in the form 8) are given. 

Loudon Leona ingot slicing machine 
(Machinery, 1960, 96, Feb. 10, 313-314) With 
description and ory 

the origin and 


detects, a study of 
H. H. Hartman (AISI Reg. Techn. 
Meetings, 1959, 235-270) Information resulting 
from an investigation carried out for the pur- 
pose of personnel training on the wire mill and 
seamless mill products of the Colorado Fuel 
and Iron Corp. is presented and summarized. 

The defects are illustrated. 





FOUNDRY PRACTICE 


The use of the Beuken model for the solution 
heat transfer problems in foundry 
K.-H. Brokmeier (Giesserei, 1960, 47, April 21, 
195-204) The use of Beuken analogy models to 
determine heat transfer conditions in various 
aspects of foundry practice is described with 


ham foundry on the occasion of a visit 
by ‘the Silica and Moulding Sands Association, 

Lay-out of the mechanised foundry at Nueva 
Montafia Quijano, 8.A. J. Vazquez White and 
J. Olivieri Rueda (Anal. ‘Mee. Elect , 1960, 37, 
Jan.—Feb., 3-16) A full account of the opera- 
tion of the various sections of the foundry is 
given. The melting bay contains two cupolas of 
4-5-5-5 t/h capacity, a 4-t arc furnace, and 
two 1-t coreless low-frequency furnaces; 
there are two moulding sections, a coreshop, a 
sand preparation unit, and finally, fettling and 
control. Details of line movement and distribu- 
tion are shown schematically.—pP.s. 

circuit vertical step conveyor for 
foundries A. Ya. Savitskii (Lit. Proizv., 1960, 
(2), 14-16) A conveyor is described consisting 
of a fixed and a movable frame and eccentric 
hoist with pneumatic drive, a drive for the 
movable frame and guide rollers. All controls 
are mounted on a console. Drawings and 
details of electrical circuits are supplied. 

Automatic line for moulding, assembling and 
knocking out castings I. F. Bol’shakov and 
B. K. Svyatkin (Lit. Proizv., 1960, (1), 16-19) 
An automatic line is described for making the 
moulds, assembling them in the casting box, 
and then knocking out the completed castings. 
The line is built round the automatic press 
BIF-1 at the Likhatchev Works in Moscow. 
It has a production of 230-360 moulds per h. 
The making time for the moulds in a 450 
350 x 120 mm box is 10-15 s. 

Griffin Wheel Go. opens cast iron 
foundry (Mod. Castings, 1960, 37, May, pe oy 
description of the plant, the pipe produced, 
and the activities of the Company. 

Seven basic assure clean melt H. C. Ahi 
(Mod. Castings, 1960, 37, May, 212) The pur- 
pose of melting and the difficulties involved, 
are summarized and seven precautions re- 
quired are given. 

im of coke size and quality in cupola 

ion KR. Loison, L. Soubrier, and M. 
Decrop (Inst. Hierro Acero, 1960, 67, May, 488- 
504, special number) An experimental study of 
coke properties with respect to cupola opera- 
tion is reported. Size has the most important 
influence, a graded coke is better and the 
larger the size (in the 40-120 mm range at 
least) the better; the optimum coke size is 

robably related to the cupola diameter. 
hock resistance is important, Micum 80 
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seems to be a good criterion of coke quality, 
The relationship between the behaviour of the 
coke and its reactivity is less clear.—r.s. 
n efficient shape for the cross-section of the 
oan © in large V. A. Fuklev (Lit. 
1960, (1), 15-16) The increase in the 
, agp of the eupola beyond a definite limit 
results in the deterioration of certain melting 
indices. The shape of large cupolas should be 
oval, cantaaee are cited of USA cupolas of 


1800 mm dia. 

The new plant of the Giesserei Institut 
of the Technischen Hochschule, Aachen W. 
Patterson and F. Neumann (Giesserei, 1960, 
47, April 21, 204-208) The plant described 
consists of a water-cooled cupola which can be 
worked with cold, warm, or hot blast. Struc- 
tural and operating data are given. 

The effect of the methods of ethyl silicate 
hyd on the quality of the refractory lining 
a ie hitkova (Lit. Proizv., 1960, (1), 20-23) 

rt of the investigations carried out at the 
NIT Avtoprom during 1957-8 on the hydro- 
lysis of ethyl silicate to impart to it binding 
properties. A method of hydrolysis with small 
quantities of water is suggested. Such hydro- 
lysis solutions have great stability (not less 
than one year) and while reducing the con- 
sumption of ethyl silicate they also shorten the 
time for hardening by layers from 2-5-3 to 
1-5 h. 

Low frequency induction furnaces: The 
design and nm of channel and coreless 
types com M. G. Gibbs (Elect. Rev., 1960, 
167, Aug. 19, 317-322) A brief historical intro- 
duction and description of the types of furn- 
ace, including the newer metal crucible type, is 
followed by a general account of their use in 
the foundry. Most of the accounts are of non- 
ferrous applications. 

Continuous apr ey of ductile irons using 
the sensible heat of the castings ). M. Nabro- 
dov (Lit. fer agg 1960, (1), 38) Tests are 
described of annealing ductile iron castings in 
permanent or sand moulds using the sensible 
heat of the castings followed by speeded-up 
cooling (by compressed air) and by natural 
cooling. It was found that speeded-up cooling 
had little effect on the duration of the anneal, 
structure, and properties of the metal, and 
some alternatives for annealing with the 
sensible heat of the casting are suggested. 
These have reduced the annealing time to 
12--16 h, thus increasing productivity. 

micro non-uniformity of the matrix 

of ductile irons A. I. Yatsenko (Lit. Proizv., 
1959, (1), 30-31) This chemical micro non- 
uniformity depends to a large extent on the 
chemical composition of the iron, With Kertch 
arsenical ores, considerable non-uniformity 
ean be observed in castings as regards the 
distribution of Si and’ As. This fact should be 
taken into consideration when working out 
heat-treatment processes for such castings 
because this non-uniformity will reflect on the 
kinetics of graphitization as well as on the 
position of the phase transformation temp. 
during heating and cooling. 

he control of graphitization in grey cast iron 
J. O. Cadellans Oller (Jnst. Hierro Acero, 1960, 
67, May, 512-520, Special Number) Some 
examples of the use of the chill test in the 
control of graphitization of plain and alloy 
high-strength irons are presented; these tests 
provide a rapid and reliable control of graphit- 
ization.—P.8. 

A synthesis of the results of Belgian research 
into the ewan a a ph ¥*, 
properties’ Je Sy and J. 
van Eeghem mf) eer onderie Belge, 1960, 30, March, 
76-81) Substantial progress has been achieved 
in research into the problem of the correlation 
between physical properties and the massive- 
ness of grey iron castings. The research results 
are given in this article. A study of the physical 
properties of the grey iron castings in flake 

phite shows the validity of the ‘ausculta- 
tion’ method of foundry pieces favoured by 
A. Collaud and based on the ratio: log o tx log 
@ typ + 1°57 (log 459 —log 4x). The ratio is how- 
ever not valid for thin-walled pieces (<6 cm) 
as the graphite often changes form in relation 
to the type of graphite in the notched bar of 
30 mm dia. 

Influence of various inoculants and treat- 
ments on structure of nodular cast iron R. K. 











Cleworth and J. F. Wallace (WAL 331, 1/10; 
PB 127570, 1950, April, pp.34; from US Govt. 
Res. Rep., 1960, 33, Supplement, April, 123; no 
abstract). 

Experiments on the inoculation of iron with 
cerium alloys E. M. Shkol’nikov, L. G. 
Bondarenko, V. A. Zakharov, and N. P. 
Chichagova (Lit. Proizv., 1960, (2), 36-37) 
Investigations are reported on the use of 
mischmetal jointly with Mg or with Mg alloys. 
These are based on the experience gained in 
Britain and the USA. The inoculations were 
carried out with Fe-Ce of type FTsM with 
additions of up to 10-20% Mg. 

i] ine liquation of silicon and mag- 
nesium in iron with spheroidal graphite M. A. 
Krishtal, KE. P. Rikman, and A. A. Zhukov 
(14t. Proizv., 1960, (2), 28-31) The non- 
uniformity of Si and Mg distribution may be 
corrected by heat treatment and some sugges- 
tions are made. A reduction in the Si content 
should be accompanied by an increase in the 
carbon content up to the eutectic limit so that 
the increase in the quantity of spheroidal 
graphite may increase the dynamic charac- 
teristics. Mg iron should be considered not only 
@ substitute for a number of existing ferrous 
and non-ferrous materials but also as a struc- 
tural metal possessing some valuable qualities: 
strength, plasticity, antifriction properties, 
resistance to wear, etc. 

ey the brittle and plastic state of s.g. 
cast-iron N. G. Girshovich and M. P. Simanov- 
skii (Lit. Proizv., 1960, (1), 25-30) The chemic- 
al non-uniformity of the matrix of ductile irons 
depends chiefly on the composition. In the 
industrial ductile irons made from Kerch ores 
containing arsenic, considerable non-uniform- 
ity can be observed in the distribution of Si 
and As. This should be taken into account 
when working out methods of heat treatment, 
otherwise this non-uniformity will reflect on 
the kinetics of graphitization and on the temp. 
of the phase-transformations during heating 
and ne mc 

is there a shrinkage of the cast iron with the 
abnormal appearance of spheroidal graphite? 
I. Przhibyl (Lit. Proizv., 1960, (2), 22-25) 
Sulphur-containing cast iron of a definite 
composition do not show shrinkage, while s.g. 
cast iron of the same composition shows 
greater shrinkage than all other forms. This 
shrinkage is greater with a lower casting temp. 
This study aims at clarifying the effect which 
all the factors may have on this behaviour and 
certain preliminary conclusions are pointed 
out. 

How small quantities of zinc affect cupola 
malleable iron J. Pelleg (Foundry, 1959, 87, 
Nov., 168-170) Industrial scale tests have been 
made to assess the suitability of Zn-bearing 
scrap for the production of malleable iron. The 
results show that Zn well in excess of 0-2°, can 
be tolerated due to the degree of oxidation in 
the cupola,—a.«. 

White iron growth during malleablizin 
N. R. Kelley and B. A. Ruediger (Mod. 
Castings, 1960, 37, May, 95-110) The authors 
describe work done to determine the cause of 
growth during malleablizing. They showed, 
within the limits of their study, that de- 
carburization substantially retards growth, 
while in the absence of decarburization, carbon 
content determines growth, while annealing 
variables have no effect on it. It was also 
shown that the smaller growth of white iron 
during gravel pack-annealing is due to de- 
carburization. 

Core chapiets for malleable cast iron F. Iske 
and W. Mainz (Giesserei, 1960, 47, June 2, 
301-304) A general review of the use of core 
chaplets and the associated danger of scrap is 
followed by a discussion of the possibilities of 
removing the danger of cracking in malleable 
iron castings by suitable chaplet design. 

nog J hardening mixtures for |: steel 

ings N. N. Polodurov (Lit. Proizv., 1960, 
(2), 39) Components up to 8-2 t are cast at the 
foundry shop of the Dnepropetrovsk Works 
with rapidly hardening mixtures, for example 
a cylinder for a hydraulic press tested at 
420 atm. Some types of mixtures for rapidly 
hardening layers of up to 30-40 mm thickness 
are given together with their physical and 
technical characteristics. 


Steel founding (Md. Const. Méc., 1960, 92, 
July, 531-537) A study made by the Associa- 
tion Frangais des Aciéries de Moulage with a 
view to informing manufacturers of the rules 
to be complied with in making drawings of 
parts, so that founders may supply them with 
faultless castings. Founding principles and 
processes are reviewed and rules on drawing 
are given.—8.H.-8. 

Achieving ultra-high strength in low alloy 
steel castings KR. H. Herrmann (Foundry, 1959, 
87, Nov., 90-94) Through the use of high 
purity raw materials and a ceramic cope and 
drag mould with extensive risering, complex 
castings may be produced with ultimate tensile 
strengths up to 300000 psi. Some examples of 
typical parts are given.—-a.«G. 

Foundry probiems arising from the construc- 
tion of modern hydraulic turbines J. Goffart 
(Fonderie Belge, 1960, 30, April, 99-104) This 
article deals with some of the problems the 
foundryman has to solve in producing large 
parts in martensitic steel. After examining the 
effect of corrosion on various types of stainless 
steels the writer concludes that Cr martensitic 
steel is the best for hydraulic turbines. He dis- 
eusses the metallography, heat treatment, 
repair welding, casting, and melting of the 
same steel. 

Study of steelworks sands and their use J. 
Duflot and J. Vergé (Centre Doc. Sidér., 1960, 
17, (5), 1207-1257) This article presents the 
results of a questionnaire sent to French works 
designed to compile a list of sands and their 
suppliers, the required sand characteristics, 
and the best conditions for their use, to com- 
pare methods used by works to make the 
linings, to compare the results obtained with 
the various sands and to establish which sands 
can compete with foreign products. 

Sand segregation, causes and effects I. W. 
Seaton (Foundry, 1959, 87, Nov., 86-89) The 
harmful effects of sand segregation on foundry 
practice are discussed and recommendations 
are made on methods of handling to minimize 
such segregation.—a.G. 

Pushbutton system mixes sand automatically 
F. R. Morey (Foundry, 1959, 87, Nov., 98-101) 
In the installation described any combination 
and quantity of various sands may be auto- 
matically prepared for distribution throughout 
the foundry. Weight control is effected by load 
cells and the composition of each batch is 
permanently recorded.—a.G, 

Synthetic moulding sand for grey iron 
foundries ©. Gerstmann (Giessereitechn., 1960, 
6, (3), 86-88) Experiments on synthetic sands 
from constituents available in Eastern 
Germany are described, and examples given of 
their use. 

Continuous automatic mulling J. H. Schaum 
(Mod. Castings, 1960, 37, May, 82-86) The 
advantages of electronic moisture control in 
mulling are described. Not only is it possible to 
dispense with some labour, but also the mould- 
ing sand mixture content is very accurately 
and consistently controlled, leading to im- 
provement in mould properties. 

The future of river sands in the foundry 
industry A. A. Gorshkov and B. I. Markhasev 
(Lit. Proizv., 1960, (2), 2) Investigations are 
proceeding in order to establish the suitability 
of river sands in the foundry industry. These 
sands are characterized by their low clay con- 
tent, less than 0-5%, and high silica content. 
Extraction is very easy and the cost per t 
amounts to 12-13 rbls., i.e. cheaper by a factor 
of 2-2-5 than from sand pits. 

Physical and technical 
zirconium sands, also of enrichment wastes 
A. N. Tsibrik (lit. Proizv., 1960, (2), 38) 
Investigations carried out at the Foundry 
Research Institute have confirmed that Zr and 
ore sands have very valuable physical and 
technical properties. The huge Ukrainian 
deposits must be investigated. Sands from the 
treatment of mineral ores have different con- 
centrations of minerals among which is Zr also, 
and sands resulting from different enrichment 
operations, the so-called tailings, are very 
useful. Different types of these sands are 
marketed under special classifications and the 
corresponding specifications are listed. 

of a sand biowing machine 
type 287 E. 1. Talanker (Lit. Proizv., 1960, (2), 


of ore and 
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42—43) The original type is used for the pre- 
paration of cores, but since it needs a great 
deal of adjustment it is used relatively rarely. 
Certain alterations have been carried out, 
chiefly in the slide valve controlling the open- 
ings in the bottom through which sand is 
blown. Changes in the electrical control system 
have also been introduced and diagrams are 
given. 

The binding mechanism in moulding mix- 
tures D. S. Williams (Lit. Proizv., 1960, (2), 
26-27) This study made at the University of 
Ohio, USA, considers some of the factors 
responsible for binding the mixtures, mainly 
the formation of polar bodies, their combina- 
tion, absorption, and the resulting hardening. 

Apparatus for measuring the hardness of the 
rammed mixture for tube moulds A. N. 
Smolyakov and G. A. Sizonenko (Lit. Proizv., 
1960, (1), 41-42) An apparatus is described for 
measuring the hardness of the internal surface 
of the moulds used for centrifugal castings. 
This type of hardometer (Soviet patent 116889 
of 1958) is recommended for checking the 
quality of moulds. 

The gas permeability coefficient W. Eger and 
W. Bohn (Giessereitechn., 1960, 6, (3), 81) Gas 
permeability is defined, and an expression 

| em? 
Ds Ma em em WS 
bility coefficient’ D, is derived and discussed. 

Penetration of moulding sands by low melting 
point metais K. Fursund (/nst. Hierro Acero, 
1960, 67, May, 460-487, Special Number) 
Because of various side effects and other diffi- 
culties inherent in the investigation of molten 
iron penetration of sands, low melting-point 
alloys (usually 8 and 17%Bi-Sn) have been 
used to determine the fundamental physical 
conditions of metal penetration, Details of the 
apparatus used and results obtained are 
supplied. It is concluded that: (a) metal pene- 
tration of sand takes place under the same 
physical laws for iron and steels as for the low- 
melting-point metals; (b) the surface tension of 
the metal, the pore size of the sand, the equi- 
librium conditions during penetration are, 
together with the thermal conditions, decisive 
with respect to the speed and depth of penetra- 
tion; (c) there is a considerable temp. difference 
between the sand and the metal penetrating it; 
and (d) the increased speed and depth of pene- 
tration with greater metal pressure is mainly 
due to the fact that penetration is stepwise and 
the size of the steps depends on the metal 
pressure.—P.s. 

Piaster moulds for casting. |. Linear change 
of mould dimensions on heating C. Mitsuki and 
T. Ito (Rep. Gov. Ind. Res. Inst. Nagoya, 1960, 
9, March, 124-131) Effects of moisture content, 
quantity of sand, and addition of salts were 
noted. 

Replacing dry patterns mip sand patterns 
which are subsequently I, M. Tkachenko 
(lat. Proizv., 1960, (2), 39) The production of 
castings with clean surfaces in normal green 
sand patterns depends on the applied coatings. 
A non-aqueous coating is suggested which con- 
sists of 20% black graphite, 20% silvery 
graphite, 50°%, petrol or kerosene, and 10% fuel 
oil. For thin-walled castings up to 3% dextrin 
or up to 2% refractory clay should be added. 

The production of patterns and cores in iron 
foundries with water-glass mixtures 8. E. 
Borukson, V. A, Maslov, and K, M. Ryakhin 
(Lit. Proizv., 1960, (1), 12-13) Different 
formulae are given of mixtures for patterns 
and cores for the casting of up to 350 kg among 
which (in % of weight) 97% quartz sand type 
1KO20A, 3% moulding clay containing 6% of 
ite weight of water-glass (1-48-—-1-53 sp. gr.), and 
0-5 % fuel oil (in excess of 100%). The resulting 
mixture has a permeability of 120-150 units, a 
green compression strength of 0-2-0-3 and 
when dried, 3-5 kg/ern* with a 3-4% humidity. 

Semi-automatic moulding press for invest- 
ment patterns N. A. Shubin and E. M. Luto- 
vinov (Lit. Proizv., 1960, (2), 44-45) A new 
press is described with a rotating table attach- 
ed. This makes it possible to place a much 
larger number of patterns in the box than is 
possible with a vertical arrangement. 

Preparation of ceramic cores for investment 
casting I. D. Abramson (Lit. Proizv., 1960, (1), 
4-7) Al,O, obtained from bauxite as a powder 
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lass-bonded cores with time was 





y-Al Oy i is transformed when h 
The chine e in this transition is played by the 
mineralizer, for which certain fluorides or 
chlorides are used and also the oxides of some 
The method described permits the 
manufacture of cores of very great thickness 
and intricacy of shape not only for hollow 
castings but also for precision casting of heat- 


resistant with s slog 
Ladie with a notch V. P. 
1960, (1), 42) At the 





to wh ot he Ibredak some 
0 p of t Combine a 

ladle is tn ommmuiston with a welded frame 
angles and strip in which an insertion can be 
introduced constructed of refractory clay and 
sand, This can easily be repaired also 
— a a —— notch 


systems for perman- 
alate oy we eahag G. Ae wh say and 


D. Junghans ( wt 960, 6, July, 207- 
213) Gating and risering vee od permanent-mould 
grey iron castings are explained and illustrated. 


loge 7 J. F. Wallace (Foundry, 
1959, ST. Nowe 74-81) Consideration is given 
to the general requirements of risers to elimin- 
ate shrinkage defects in castings. Graphical 
data is presented on riser volume and dimen- 
sions in relation to ay YT shape factors.—a.G. 
Risers or air holes A. Mal (Fonderie Belge, 
1960, 30, fom 105) This note describes a 
method of evacuating air and casting gases 

from casting moulds. oa 
res in the 


The use 
of cast E. Myshkowski 
(NRL M-3148; PB 129167, 1957, Sale, pp-20; 
from US Govt. Res. Rep., 1960, 33, Supple- 
ment, April, 121; No age ag 


Universal reversing tabie with automatic 
for a moulding a @. 
Sychev (lit. Proizv., 1960, (1), 19-20) A 


reversing table at the Kirov Plant in Kharkov 
serves at the same time as bottom —s to a 


h It has a 
right through in chess-board fashion for ‘= 
centring of the moulds. A description with 
drawings is appended. 

Dielectric ovens provide fast, even drying to 
— B. Milonski (Mod. Castings, 1960, 37, 
and tbe 221) The use of these ovens is described, 

nee a and disadvantages are 





"The baking of foundry cores in the Ald of 
electrical Schulz (Giessereitech 
1960, 6, July, 199- #304) The principles of drying 
in the field of an electrical capacitor are 
explained and the advantages offered by this 
method stressed. An oven is described for 
drying about 500 kg cores per h at frequencies 
between 5 and 15 Mc/s at a power input of 
15-30 kW. Drying time is 2-3 min.—t.«a. 

Production of iron and steel castings with 

mixtures with water-giass, without 
carbon xide hardening V. V. Gusev (Lit. 
Proizv., 1960, (1), 14-15) Formulae are given 
for a few mouldi eee dried in air, with- 
out blowing with 

Universal core box tor spherical cores V. M. 
Krivushin (lit. Proizv., 1960, (1), 43) At the 
Kolomensk works producing heavy lathes, a 
— rene agen has been evolved which 

ers possible the rapid preparation of 
standard spherical cores. It consists of two 
boxes, one up to 300 mm and the other from 
300 to 500 mm in height. The first is used 
mainly for cores for open moulds (flanges, 
sleeves, etc.) of dia. between 25 and 200 mm 
and the second for 300-500 mm high cores for 
casting in sand or in boxes of antifriction iron 
and also in standard moulds. 

Coating and drying unit for castings 8. Ya. 
Leonov (Lit. Proizv., 1960, (1), 45) In the 
foundry hace Boy sulphur cast iron at the 
Likhachev plant a machine for painting and 
drying has been commissioned, which is 
attended by only two operatives. These attend 
only to charging and unloading the unit. The 
output is about 9 3 t/h. It takes castings of nd to 
400 x 400 x 400 mm, drying temp. 60-70 
5-10 min, steam pressure 3 atm. 

unanes of moisture and time of 


Bene ae 
roca 1 Binder oat tenors, 


cng rf 423-427) © effect of 
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ile the cores in direct contact with 
water take up considerable quantities with 
ecasequent loss in compression strength, 
drying of the cores was found di storage 
air even if the relative humidity was high (90% 
at 20°). This drying process increases or reduc- 
«8 the strength of the cores depending on the 
position of the water-glass used 


Novel core and mould production methods 
using Didi gi glue KP L. Chroszez and W. Konig 
Giessereitech., 1960, 6, July, 204-207) Didi 
glue KP is a glue used for woodwork and is 
produced in Eastern Germany at Piesteritz. It 
is @ synthetic product on a thiourea dicyan- 
diamide-formaldehyde basis and is auto- 
setting. Silica sand-glue mixes 97:3 are used. 
Heating to 160° accelerates curing consider- 
ably. Some examples of applications are quoted. 

The tite of mould lini A. G. 
Kolesnichenko (Lit. Proizv., 1960, (1), 39-40) 
In extensive tests, the most resistant linings 
were found to be those consisting of three 
layers: the upper layer being a soot coating of 
small thermal conductivity, the middle layer a 
highly refractory = coating, and the 
bottom layer a heat-insulating refractory 
lining ensuring tight adhesion to the walls of 
the mould. 

Large steel casting in record time English 
Steel Castings Corp. Ltd (Found. T'rade J., 
1960, 109, Aug. 11, 177~178) An account of the 
casting of a 180-t mill housing for an Al rolling 
mill. 

Manufacture of a heavy table of GG-26 by 
the cement-sand moulding process F. Meier, 
H. Giese, and E. Netzmann (Giessereitechn., 
1960, 6, (3), 70-74) Details are given of the 
— making, moulding, uring, and 
ettling of a 37000-kg table made at the Ernst 
Thalman works of VEB Schwermaschinenbau. 

Studies of wheel centre castings H. Shimada 
(Bull. JSME, 1959, 2, May, 238-244) Tests for 
the purpose of preventing shrinkage cavity, as 
carried out on centres of eight-armed steel 
castings for rolling stock of the Japanese 
National Railways, and performed in the light 
of Pellini’s experiments, are described, and 
conclusions as to the result of y-ray inspection 
are given.—S.H.-8. 

Affecting the Brineli hardness and reais 
of slideways in machine-tool castings. 11 K 
Wiillenweber (Giesserei., 1960, 47, Aug. il, 
427-436) After discussing the requirements 
expected of slideways in cast machine tools the 
author reports on experiments for establishing 
the best method of chilling. He found that cast 
iron chills were too harsh, the best structure 
combined with high hardness was obtained 
with silicon carbide chills.—t. a. 

The casting of corrosion resistant epee. 
ents of iron ‘nickel_melybdenum alloys I. N. 
Yukalov (Lit. Proizv., 1960, (2), 9-10) Alloy 
EI 461L has a chemical composition of 24- 
32%Mo, 3-7%Fe, q1%Cr; [1 %8i; <1%Mn; 
<0- 12%C; traces of 8 and P, remainder Ni. To 
increase corrosion resistance, u uP to 4%V or up 
to 2-56%Co should be added. With a content of 
over 6% Fe in the as-cast condition, corrosion 
resistance decreased. Below 30% Mo, corrosion 
resistance also decreases in boiling HCl acid. 

Contribution to knowledge of FeAl alloys 
E, Hugony and C. Garino (Alluminio, 1960, 
29, (7-8), 339-350) After giving an account of 
the development and characteristics of Fe—Al 
alloys, the results of tests carried out in a hot 
condition and in a sulphurizing atmosphere are 
described. Cast irons of both low and high Al 
content and with steels of medium Al content 
were used. The difficulty of producing these 
metals in the foundry should be overcome due 
to recent improvements in melting and casting 
techniques using the reduced pressure or con- 
trolled atmosphere . As a result of 
tests carried out the authors now produce on 
an industrial scale two types of pearlitic Al-Cr 
irons and some important structural proper- 
ties of ferritic and Al steels have been estab- 
ished. 


tron for casting alkali-resistant boilers K. I. 
Vashchenko, A . Firstov, P. V. Avrinskii, 
V. L. Neselovskii, and V. V. Zhizhchenko (Lit. 
Proiazv., 1960, (1), 7-10) As a result of exten- 
sive tests a Mg-iron with 2-0-2-2%Si may be 
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recommended, but the technology of casting 
for boilers is considerably complicated by the 
thermal treatment, since the quality of the 
casting is just as important as the chemical 
composition and the structure of the cast iron. 

ine parts manufacture precision 
casting K. Suzuki (Sumi. Met., 1960, 12, Jan., 
368-379) A review. 

The fluidized bed for investment castings 
F. C. Quigley and E. DeLuca (Mod. Castings, 
1960, 37, May, 92) This method of applying 
particle coatings to precoated wax patterns is 
described, and the A~ antages of the process, 
particularly those of speed and even coating of 
complicated patterns, are pointed out. 

4 at reducing rejects in investment 
casting I. M. Stavinskii (Lit. Proizv., 1960, (1), 
44) The method of applying the second and the 
following coats on a base of ethyl silicate by 
immersion of the blocks of patterns is very 
labour-consuming and in addition is imperfect 
b of the formation of air spaces between 
the first and the subsequent coatings. Better 
results are obtained by the immersion of the 
blocks before the application of the first and 
second coats. Only 5-10 sec are sufficient to 
hold the blocks over the bath to drain the 
excess liquid. A first immersion in hydrolized 
ethy! silicate eliminates these defects and pro- 
duces a more uniform coating. 

Calcining the mould in the flask for invest- 
ment casting without filling it A. G. Titov (Lit. 
Proizv., 1960, (1), 41) The roasting is carried 
out on a holder in which the moulds are clamp- 
ed in a special recess. The temp. should not 
exceed 700°. This method has considerably 
increased ee 

Methods of casting poeeent os the a 
ical control of the ry > ame 
by | ¥ investment process vo A. Nekhendzi 

. T. Bogdanov (Lit. Proizv., 1960, (2), 
+8) Guesbentions carried out over a period of 
years on over 10000 castings of carbon steels 
{0-35%C), low- alloy structural steels of type 
30KhGSL, high-alloy stainless, acid, and heat 
resistant steels, ete., as regards quality control 
are summarized and suggestions made for the 
casting of the control specimens. 

Vertical centrifugal casting machine D.M.M. 
(Machinery) Ltd (Brit Steel., 1960, 26, Feb., 
53) A description of a machine of Dutch manu- 
facture, designed for the production of cast 
solid or cored bars of ferrous and non-ferrous 
alloys. 

Chemical non-uniformity of centrifugal steel 
castings N. N. Reutov (Lat. Proizv., 1960, (1), 
35-36) The greatest non- -uniformity is ob- 
served in slow spinning moulds. At 300-600 
rpm the liquid iron does not adhere to the 
walls but detaches itself and drops off. To 
increase chemical uniformity the rate of spin- 
ning should be increased and methods adopted 
to delay the rapid formation of a solid shell. 

Mechanization of the opening of moulds for 
centrifugal casting Ya. Ya. Lychagin (Lit. 
Proizv., 1960, (2), 41-42) A rotating platform 
is described on which the moulds are placed for 
centrifugal casting. The platform is provided 
with a special mechanism in the form of an 
arm under which the moulds are placed in turn 
for opening. 

Shell cores H. Petrusch 
(Giesserei, 1960, 47, July 10, 395-400) The 
manufacture of shell cores by the Cronii 
process, the moulding tools and shell materials 
employed, are described and examples of 
application of these shell cores quoted and 

illustrated.—t. a. 


Shell mixi me monag and equipment J. 
Albanese (Mode astings, 1960, 37, May, 111- 
114) A review of the various shell mixing pro- 
cesses available to the foundryman. The merits 
of the various processes are discussed and 
phenolic resins and sand testing are considered 
in this context. 

X-Ray ery of the flow of metals 
in shell moulds, using an image intensifier K. 
Shobayashi and K. Okamoto (Inst. Hierro 
Acero, 1960, 67, May, 455-459) (Special Num- 
ber) Details of the technique are given and 
stills from two films showing the process of 
casting in two cases are given; one sequence 
showed an unexpected flow pattern. A 200 kV 
X-ray tube, with a photoelectric intensifier 
giving a 600-fold increase in brightness, was 
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used. A film speed of at least 64 frames per sec 
is recommended for photography of the molten 
iron.—P.s. 


Some casting defects, their causes and cures. 
i! H. Williams (Castings, 1960, 6, June, 33, 35, 
37-46) Based on the paper by J. L. Francis and 
8. J. Rogers. 


The appearance of flaws in investment cast- 
ings N. N. Lyashchenko and B. B. Gulyaev 
(I4t. Proizv., 1960, (2), 31-33) Of the total 
output of castings of the foundry shop of a 
large motor-cycle factory, rejects amounted to 
10%. An analysis showed that these consisted 
of about 13% incomplete castings, 61% 
clogged pouring systems, 13%, pipes, and only 
13% of the total rejects were due to other 
causes. The different conditions of casting 
have been investigated and some suggestions 
are made for preventing some of these defects. 

Surface purity of castings A. D. Popov (Lit. 
Proizv., 1960, (1), 36-37) The chief factors 
causing burns on the surface of the castings are 
pointed out and suggestions made to prevent 
them. Special coatings are suggested for green 
sand moulds, and for dry moulds and cores. 

The effect of some properties of the moulding 
material and several other factors on the surface 
roughness of cast aluminium silicon alley and 
cast iron P. Schneider (V DIZ, 1960, 102, 
Aug. 1, 1072) This is a brief summary of a 
thesis. A full account of the study was pub- 
lished in Giesserei Tech. wiss. Beihefte, 1959, 
(26), 1429.—7.6. 

An unusual cause of rejection W. Gischel 
(Giessereitechn., 1960, 6, (3), 84-86) The cause 
of the appearance of cavities in heavy V-guide 
ring castings is discussed, and an improved 
design suggested. 

Failure of castings caused by —- 
stresses during crystallisation as related to 
composition A. A. Bochvar and Z. A. Svider- 
skaya (Izvest. AN Otdel, Tekhn., 1947, (3), 349- 
355) The examples are non-ferrous. 

Repairing defects in iron castings K. M. 
Zeifer. (Lit. Proizv., 1960, (1), 44) Brief indica- 
tions are given for welding up defects by the 
oxy-acetylene flame, by the electric arc and 
using ac. 

Liquation of phosphorus and the formation of 
the phosphide eutectic in irons Ya. N. Malin- 
ochka (Lit. Proizv., 1960, (1), 32-33) The 
investigations here reported have shown that 
the formation of the phosphide eutectic in 
normal irons is the result of a strong inter- 
crystalline liquation of the phosphorus which 
decreascs with increasing rate of iron crystal- 
lization. With a low rate of crystallization the 
phosphide eutectic is eliminated even when its 
content amounts to only 0-05-0-:06% and 
possibly less. Considerable errors may occur in 
determining the P content in slowly cooled 
castings due to local concentrations in the 
islands of phosphide eutectic. An average of a 
few determinations should be obtained in such 
cases. 

Parameters for casting in permanent graph- 
ite moulds M. N. Sosnenko (Lit. Proizv., 1960, 
(2), 34-36) A study carried out at the Moscow 
electrode works to establish technical and 
structural parameters for this method of cast- 
ing. The results from the extensive investiga- 
tions regarding chemical composition, casting 
temperatures, shape etc., are set out. 

Control of quality during moulding E. Ruiz 
Pala (Inst. Hierro Acero, 1960, 67, May, 505- 
511, Special Number) In order to provide 
statistical control of quality the author 
establishes correlation curves between mould 

ess, permeability, and strength for given 
moisture contents, which enable upper and 
lower permissible hardness values to be fixed. 
Working between these limits provides stable 
and acceptable production.—P.s. 

New casting dressing shop for pump manu- 
facturer (Metallurgia, 1960, 61, March, 105) A 
description of the new shop at the works of 
Lee, Howl, and Co. Ltd. 

Professional training in the foundry M. D. 
Saenz de Tejada (Inst. Hierro Acero, 1960, 13, 
April-June, 604-609) Details of a typical three- 
year training programme for apprentice 
moulders are di d. Reasons for the short- 
age of skilled moulders and ways in which this 
can be overcome are considered.—?.s. 





VACUUM METALLURGY 


Vacuum melting for tool and die steels 
K. M. Carlson (Prec. Met, Mold., 1960, 18, 
June, 35) Vacuum melting has greatly con- 
tributed to improving the quality of tool and 
die steels due to the improved ingot structure, 
superior cleanliness, and elimination of un- 
desirable gases and other inclusions. Fatigue 
life of bearings has reportedly improved by 
30 to 100%. With the advent of vacuum arc 
melting further quality improvement may be 
expected. Studies are now being carried out to 
establish the importance of vacuum arc melted 
tool steels in such applications as precision 
rolls, extrusion dies, high-speed cutting tools, 
and die casting dies. 

The state of metal melts E. Scheil (Berg. 
Hiittenmann. Monatsh., 1960, 105, June, 131- 
133) This is a summary of lecture delivered to 
&@ symposium on vacuum melting and casting 
of steel dealing with the theory of the state of 
liquid metals. Such effects as supercooling, 
surface tension, and nuclei formation are 
included.—t.c. 

Vacuum stream degassing for the production 
of castings and ings V. Scalise, A. De Negri 
and V. Picardi (Fonderia Ital., 1960, 9, (6), 
257-264) The vacuum casting process has 
played a great part in eliminating defects due 
to gaseous inclusions—particularly H,, in 
large forgings and castings. This article des- 
cribes vacuum casting at the SLAC Company 
at Genoa—Cornigliano describing two methods 
of vacuum casting used—vacuum ingot casting 
and vacuum ladle casting. The practical results 
are given. 

The first decade of industrial large-scale 
vacuum-degassing of steel (Neue Hutte, 1960, 
5, July, 383-398) A comprehensive, illustrated 
review of the various methods used for the de- 
gassing of steel on an industrial scale (50 refs). 


REHEATING FURNACES AND 
SOAKING PITS 


The use of recu ve soaking pits wit 
liquid slag removal A. I. Sergienko, A. P. 
Likhoradov, V. I. Gubinskii, and A. I, Babanin 
(Stal’, 1960, (8), 763) Practice at Krivoi Rog is 
described. The pits hold 100 t of ingots 
weighing 4-8 t each. Slag runs off at 1 360° and 
amounts to 10 kg/t. A magnesite—-chrome lining 
is used to support the ingots, 10 t are used on 
repairs which are carried out every 6-8 months. 
The burners used are described. 

Forging and heat treatment furnaces ()/¢t. 
Constr. Méc., 1960, 92, July, 549-550) The use 
of the Salem-—Brasius revolving reheating 
furnace (of which 100 units are in operation for 
Soc. CFI) is briefly described, with observa- 
tions on heat-treatment furnaces, their charg- 
ing, heating, and temperature regulation. 

Heating facilities for the Youngstown Sheet 
and Tube Co.'s new seamless mill F. C. 
McGough (Iron Steel Eng., 1960, 37, May, 123- 
129) The construction and control equipment 
are described of the rotary hearth furnace, the 
roll-down reheating furnace, and the walki 
beam normalizing furnace installed at the No.3 
mill of the Indiana Harbor works of Youngs- 
town Sheet and Tube Co. 

An investigation of the heating and rolling of 
ingots and slabs of transformer steel F. A. 
Ksenzuk, V. N. Lola, and N. V. Pal’chik 
(Stal’, 1960, (8), 738-739) Practice at Zaporo- 
zhstal’ is described. Increases in rate of heating 
and in pit temp. have shortened the time taken 
without lowering surface quality. Slab heating 
conditions for satisfactory rolling are given. 


HEAT-TREATMENT AND 
HEAT-TREATMENT FURNACES 


Controlied atmospheres. Vi (T'rattamenti 
Term., 1959, 2, Sept.-Oct., 20-21) This article 
describes a method of heat-treating certain 
high speed tool steels by superheated steam. 
This results in the formation of a v hard 
oxidized film on the metal surface which is 
very desirable and does not flake. Treatment 
of normal steels and pig iron by this method 
increases their corrosion resistance and is less 
costly than other methods. VII (1960, 3, Jan.— 
Feb., 25) This final article summarizes briefly 
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recommendations as to the choice of the con- 
trolled atmosphere to be used in anneali 
tempering and brazing various steels and other 
metals. 

Refractory thermal insulation of heat treat- 
ment furnaces with special reference to con- 
trolied atmosphere furnaces .. Rocco (7'ratta- 
menti Term., 1959, 2, Nov.-Dec., 9-14) 
Experiments on refractories show the negative 
effect of iron oxide on refractory bricks in 
general and insulating refractories in particu- 
lar, and its effect on the behaviour and life of 
controlled atmosphere furnace linings either by 
catalytic action in dissociation of the CO and 
consequent disintegration by deposit of C, or 
by partial or total reduction to FeO and conse- 
quent increase of plastic deformation under 
stress at sufficiently high temp. It is therefore 
necessary to choose refractories with the 
minimum ferrous content— if possible of the 


white deferrized type. 

Modification of the cast structure of high- 
speed steel-Prespheroidizing G. Hoyle, E. 
Ineson, A. Hollingsworth, and D. B. Ham- 
mond (Iron Coal Trades Rev., 1960, 181, Aug. 
12, 363- 364) Based on BISRA reports. 

The future of salt bath furnaces G. E. 
Stempfel (7'rattamenti Term., 1959, 2, Nov.— 
Dec., 5-8, 23) The author describes the various 
applications of salt bath furnaces and gives 
reasons for maintaining that they still have a 
future both in conventional and in new appli- 
cations. He admits that for medium and high- 
depth case hardening and in cyaniding the use 
of salt baths is declining, but for the treatment 
of non-alloyed and alloy constructional steels 
and special tool steels he considers the salt 
bath treatment is to be preferred. New uses in 
prospect include brazing and preheating of 
ferrous metals and particularly of light alloys, 

On the heat treatment of dies (7'rattamenti 
Term., 1960, 3, Jan.-Feb., 23-24) The most 
important problem in the heat treatment of 
dies is to know how long to leave the die in the 
furnace, i.e. when is austenitation complete? 
One method is to compare the temp. of the die 
with a piece of similar size and quality which 
is treated in the same way and into which a 
thermocouple is inserted. This method is 
briefly described with the aid of diagrams. 

Heat-treatment of Mn -V Mo 
austenitic steel N. C. Howells and E. A. I 
(Mod. Castings, 1960, 37, May, 115-119) 
heat-treatment of these steels has been in- 
vestigated, and the conditions necessary to 
develop the full potential yield strength are 
given. The relationship between UTS and 
yield strength has also been determined. 

Organisation and management in a modern 
commercial heat treating plant B. Jousset 
(Trattamenti Term., 1959, 2, Sept.-Oct., 3-9) 
The criteria for decisions regarding the type of 
stand and layout are discussed with special 
reference to plant and practice at the authors’ 
company, the Societé Parisi de © t 
tion. Works transport, general services, and 
social relations are also dealt with. 

The heat-treatment ment of a large 
gear J. Lotter (Trattamenti Term., 
1960, 3, March-April, 9-14) This article deals 
with the heat-treatment of gears at the Mil- 
waukee Gear Company. The plant described 
included two Super-Allcase controlled atmos- 
phere furnaces, a chamber type of the Foe- 
Aire horizontal type, a round section type 
furnace for tempering with a spray cooling 
device with temp. control, a gas generator, a 
BX controlled atmosphere generator of 2400 
CFH capacity with automatic control of the 
Autocarb type, and a device for automatic 
control of the dewpoint for use with one of the 
Super-Allease furnaces. The factors influencing 
choice of plant and layout are described. 

Automatic heat-treatment of a rollers 
(Metallurgia, 1960, 61, March, 122) The new 
autometic heat-treatment plant of British 
Timken at Daventry, is described. Roller 
bearings are produced for British Railways 
rolling stock. 

Special features of the heat treatment of 
machine made of G 13 L steel V. I. Sivak 
and M. A. Tylkin (Stal’, 1960, (8), 754-755) 
The steel has 1—1-3%C, 11—-13%Mn and is used 
for crushers and in blast-furnace and sinter 
machine parts and is difficult to machine. 
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As-cast it is austenitic with carbide inclusions 
which dissolve in hardening. The process of 
ing and quenching is given. 

Mini O. Liedholm gerd 
menti Term., 1959, 2, Sept.-Oct., 10-13, 
Deformation in the course of hardening pe 
gears in the car industry requires special pre- 
cautions. The author considers the steel 
industry must produce new alloys with differ- 
ent degrees of hardening. He describes tests of 
a Mn-Mo steel at Volvo of the following com- 
position: max. 0-9%Mn, 0-5%Cr, ~0-8°%N, 
-~~0-35%,Mo. The effect of various alloys on the 
surface content is illustrated graphically, based 
on experience in Sweden and at Climax 
Molybdenum in the USA. 

Remarks on the jue of case- 
steels in the United H. U. Meyer 
(Schweiz. Arch., 1960, 26, June, 244-245) A 
brief review of American practice in working 
with case-hardening steels... a. 

Fundamental study of gas carburizing W. T. 
Groves (Trattament: Term., 1960, 3, March 
April, 3-6) This article is the first of a series on 
the theory and practice of gas carburizing. 

Determination of the depth of the case and of 
carburizing of case-hardeni steels H. 
Tauscher and E. Stecher (Neue Hiitte, 1960, 5, 
July, 406-414) The difficulties encountered in 
the determination of the depth of case and of 
carburizing are discussed and a reference hard- 
ness (HV=500 kg/mm*) suggested which 
should be regarded as the limit of depth of case, 
taken at a distance perpendicular to the sur- 
face (20 refa).—tT.a. 

Depth of hardness in cold-rolling rolls after 
flame-hardening A. Rose and L. Rademacher 
(Stahl Eisen, 1960, 80, Aug. 18, 1148-1160) It 
is shown that a Cr- alloyed steel is more slug- 
gish with respect to transformation than a Mn 
steel, the Cr steel is therefore better harden- 
able. Measurements were made to establish the 
temp. distribution in the outer zone of roll for 
complete austenitizing treatment, The depth 
of hardening is restricted by the risk of over- 
heating, the max. depth achieved was 175 mm 
for the Cr steel (2% Cr) and 100 mm for the 
1% Mn steel.—-tT. a. 

Practical hints on the occasional hardening of 
smali metal parts M. Tossi (7'rattamenti Term., 
1960, 3, Jan.—Feb., 15-17) To compensate for 
loss of heat from furnace to cooling and to 
prevent contact with the air and consequent 
oxidation and decarburization, the protective 
box method can be used. The parts are placed 
in a box of 18-8 stainless steel which has a 
device by which it can be inserted into and 
withdrawn from the furnace. The parts can 
then be transferred for immersion with mini- 
mum contact with the air. 

Maliconization — process hardening stain- 
less steels (Acciaio-Inossid, 1959, 26, (4), 164- 
165; from Macchine, 1958, 13, Dec., 1197— 
1199) The Chapman Valve Manufacturing Co. 
has perfected an original method for surface 
hardening stainless steel by additions of hydro- 
gen on to the surface to be treated. The advan- 
tages of this technique are good corrosion 
resistance, core tenacity, extra-hard surface, 
and minimum effect on dimensions. 

On the deformation of induction hardened 
steels S. Ishida and Y. Sakai (7'rattamenti 
Term., 1959, 2, Sept._Oct., 14-19) A descrip- 
tion is given of experiments to measure 
dimensional changes occurring as a result of 
induction hardening of various test-pieces of 
earbon and Cr-Mo steels. The conclusions are 
(1) that the external and internal dia. increase 
in the case of deep hardening but that there is a 
reduction when hardening is less deep. (2) 
Minimum deformation of external and internal 
dia. is obtained with a temper ratio of 1:8. 
(3) An increase in thickness occurs in each case. 


(4) Dia. increases, in the case of less deep 
tempering, take place when preheating is 
carried out. 

Decarburization and of iron- 


denitriding 
J. D. Fast and H. A. C. M. 


silicon 

Bruning (NV Phillips Separaat 2794; Z. Elek- 
trochemie, 1959, 63, (7), 765-772; reprint) Fe 

Si alloys with up to 3 wt-%Si were heated for 
2h in pure and in wet H, at 900°C. Denitriding 
takes place in dry H, but is greatly retarded 
even by traces of water vapour; rate of N 
removal is independent of water content of the 


H, in the absence of Si. C is not removed in dry 
H,, but decarburization takes place in presence 
of water, and rate of C removal increases with 
the amount of water present. The mechanism 
of the reactions is discussed. 

Annealing the casting directly in the mould 
Ya. I. Mel’man and V. P. Filip’ev (Lit. Proizv., 
1960, (1), 40) The casting of a large component 
for an assembly crane is described, and after 
risers and sprues have been cut away, the 
casting still in the mould was heated by a gas 
flame to 860° for 1-5 h. UTS was found to be 
60-7 kg/mm, yield-point 32-7 kg/mm?; elonga- 
tion 19-5%, and reduction of area 31-2%. 
Chemical composition: 0-38%C; 0-85%Mn; 
0-32%S8i; 0-03%8; 0-035%P. No warping was 
observed. 

Comparison of the cooling power of liquids 
used for quenching Guillemeau (Centre Doc. 
Sidér., 1959, 16, (8), 1809-1817) After a review 
of the liquids available for quenching and the 
factors which affect the cooling rate, apparatus 
designed to assess cooling power is discussed. 

Sizing jig in quench cycle k. C. Buckingham 
(Met. Prog., 1960, 77, Feb., 129.-130) A heating 
installation with an internal sizing tool is 
described, which is used to obtain accurately 
dimensioned parts of AISI 8630 steel, which is 
liable to non-uniform hardness and distortion 
during oil quenching. 

The kinetics of the first stage of tempering 
M. Hillert (Acta Met., 1959, 7, Oct., 653-658) 
The first stage of tempering of martensite is 
considered as a normal diffusion process with- 
out using the dislocation-attraction model. 
The diffusion coefficient of carbon in marten- 
site is derived theoretically and is shown to 
vary exponentially with the carbon content. 

Reduced tempering of cold-rolied sheets of 
type 08 kp rimming steel G. F. Chub (Stal’, 
1960, (8), 757) A note from Zaporozhstal’. 
Schedules are established. 


FORGING, STAMPING, DRAWING 
AND PRESSING 


impact stress in hammer forging 8. Ornodaka 
(Bull. JSME, 1958, 1, Nov., 348-356) Tests 
with model hammers and steam hammers 
giving various values of impact force and rela- 
tive conditions necessary for theoretical design 
of mount and foundation are measured by wire 
strain gauge and Braun tube oscillograph. 
Through static calibration of the apparatus the 
absolute value of impact stress of the article 
hammered and the impact force of the hammer 
are obtained. Results are described.—s.H.-s. 

oe —a new fabricating technique 
for tubing L. Samuels (Met. Prog., 1960, 
Feb., oe 74) The coarse columnar structure of 


centrifugally cast tubes is broken up by 
hydraulic expansion from the inside, followed 
by annealing at 1950-2050°F, The process is 
in commercial production, in sizes from 
8~—18 in dia. 

Explosive metal forming ©. P. Williams 


(AISI Reg. Techn. Meetings, 1959, 333-350) 
The mechanism of high explosive forming is 
explained and possible epplient ions for it are 
described and investigated, with a finding that 
makes it applicable principally to relatively 
low-volume production. 
tensile test as a means of assessing thin 
sheet for rawing A. A. Arantes and J. A. 
Cintra (Bol. ABM, 1960, 16, July, 457-471) 
The deformation processes that occur in deep- 
drawing are correlated with parameters which 
are obtained from true-stress-strain curves. 
The plastic range of the curve is given by 
t= ka®*, where t is the stress and a the elonga- 
tion. The coefficient of resistance, k, and the 
index of deformation, n, are shown experi- 
mentally to define the deep-drawing character- 
istics of mild steel. Three steels were tested and 
it was found that n and k increased with im- 
proving quality whereas the ratio Fe/Fn 
(yield stress/maximum stress), which has also 
been proposed as a test for deep-drawing 
properties, did not vary uniformly.—P.s. 
General nm of blank holding in 
deep drawing of sheet metals M. Miyagawa 
(Bull. JSME, 1958, 1, (1), 95-101) Systematic 
tests of the effect upon wrinkling behaviour by 
blank holding with (1) springs, (2) dead 
weight, (3) fluid pressure, and (4) fixed, with 
clearance larger than thickness of the blank 
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between the die and the holding-down plate, 
are mathematically discussed.—s.H.-s. 

ote rative experiments in drawing rolling 

ruding of bars through a pair of cylin- 
‘rical roliers N. H. Polakowski and L. B. 
Schmitt (Trans. Met. Soc. AIME, 1960, 218, 
June, 409-416) Square bars of cold drawn 
copper, mild steel, and 2024 Al alloy were 
forced through an adjustable gap between two 
hardened rollers by pulling or pushing. Con- 
ditions comparable with drawing, rolling, and 
containerless extrusion could be created at will. 
Push or pull forces as well as roll separating 
forces were measured as well as forming 
efficiency and coefficients of friction. For slow- 
rate deformation the values of 4. were between 
0-09 and 0-14. 

Calculation of the drawing forces in rod 
drawing through dies with a convex entry bell 
I. Meeseki (Draht, 1960, 11, July, 335-338) A 
method for calculation of the drawing forces 
for rods is presented for the case where the 
entry bell is not a straight line but is convex, 
for instance a circular trace. Measurements 
carried out on copper and brass rods showed 
fair agreement.—-T.«G. 

Strains and stresses during drawing. Part II! 
R. Levi (ng. Mecc., 1960, 9, June, 33-40) In 
this third part the problem of non-rotational 
drawing is examined with special reference to 
the importance of shearing stresses and angu- 
lar deformations. The physical properties of 
the material which controls these phenomena 
and the general principles of the relation 
between the shapes of pieces and blanks and 
the success of the operation are explained. 
Finally deep-drawing with variable depth is 
briefly described. 

Mechanical and thermo-mechanical strength- 
ening of low alloy and low carbon steels |. D 
Kuzema and A. V. Prokhorov (Stal’, 1960, (8), 
745-750) Cold stretching to the extent of 1-0- 
1-5% may be used instead of heat treatment to 
raise the yield-point of these steels. It is 
suggested that the straightening operation 
gives the opportunity for strengthening the 
steel by this means. An editorial note suggests 
that further work is required, 

Patenting and pickling in the continuous pro- 
4 H. Klimm (Neue Hite, 1960, 5, June, 
332-337) Possibilities of increasing production 
in East German wire mills are discussed. These 
include combining separate processes into a 
single continuous process, and welding the coil 
ends together, as a temporary measure until 
larger coil weights are available. 

History and importance of steel-wire industry 
in India R. N. Dutt (Jron Steel Rev., 1960, 3, 
May, 25-30) A general review of types and uses 
of steel wire and production methods. 

Continuous production of cast iron micro- 
wire in — V. G. Timofeev ( Lit. 
Proizv., 1960, (1), 10-12) A method is described 
consisting of one operation for producing @ 
2-10 yw dia. wire in a glass insulation on a 
special semi-automatic apparatus, a descrip- 
tion of which is given. 

On wire drawing. The fundamental problem 
E. Ravelli (Ing. J fece., 1960, 9, June, 7~13) 
While taking into account the assumed distri- 
bution of tensions in the metal in the plastic 
state the tractive force required for conversion 
from the initial plane section to the final plane 
section is calculated in the conventional way 
and in the absence of friction. An analytical 
demonstration is given of the radial stresses 
and normal pressures at the drawing die wall. 
From this the flow of the metal through trun- 
cated cone-shaped elementary layers co-axial 
to the wire axis may be deduced. 

Draw holes made from Yakutsk diamonds for 
the drawing of microwire G. P. Gvozdyk (Stal’, 
1960, (7), 658-659) Working losses are said to 
be lower than with imported stones. The life is 
also said to be longer by 3-3% in drawing 
0-03 mm Kh20N80 wire. 

and —— alloy extrusions. Part 1! 
(Prec. Met. Mold., 1960, 18, June, 43-44) This 
article consists of charts which give the 
chemical analyses and mechanical properties 
of most of the most commonly extruded ferrous 
metals. The extrusion process, it is claimed, 
will produce parts at the lowest possible costs. 
The severe mechanical worki ing during extru- 
sion fully refines the billet grain structure and 
results in the best mechanical properties. 

















The cold extrusion of steel H. Fischer (Sheet 
& Strip Metal Users’ Techn. Assoc. Annual 
Proc., 1951-52, 6, 115-131) The theory of 
extrusion is briefly discussed, followed by sec- 
tions on the design and operation of presses, 
and the construction and life of tools. The cold 
extrusion of steel and the use of hydraulic 

E. V. Crane (132-143) The technique of 
extrusion is explained and illustrated. Mechan- 
ical press equipment for the cold extrusion of 
steel FE. K. Johansen (144-146, 151) The author 
discusses the factors involved in cold press 
work. The relative merits of presses for the cold 
extrusion of steel T. F. Massey (147-151) The 
nature of extrusion is discussed, and the 
requirements for presses and the types of press 
available, are considered. Die steels for cold 
extrusion E. Johnson and E. Bishop (159-170) 
The authors discuss the various types of die 
steel available, giving 16 typical analyses, 
under the headings: quality, heat treatment, 
hardness and hardenability, resistance to 
tempering, toughness, abrasion resistance, and 
ease of machining and handling. Metallurgical 
requirements of steels for cold extrusion D. V. 
Wilson (187-200) The influence of composition, 
microstructure, reduction, surface quality of 
blanks, rates of straining and of strain ageing 
on the behaviour of steel during cold extrusion 
and the properties of the resulting extrusions 
are discussed. 

Extrusion of metals: Theory and elements of 
calculation. Part 111.8. De Filippi (Jng. Mecc., 
1960, 9, June, 47-58) This third part describes 
Hencky’s theoretical method giving the neces- 
sary simplifications. Because of calculation 
difficulties Prager’s graphical method is out- 
lined, with two numerical examples. The 
results obtained from the various theories set 
out in the two previous articles and the present 
article are compared and finally the influence 
of operating temp. and velocity on extrusion 
sey is examined. Part IV (July, 41-45) 

his final article in the series describes practic- 
al examples of extrusion: various types of 
presses, their characteristics, and metallurgical 
aspects of the structure of extruded metal 
parts and their defects. It concludes by sum- 
marizing the advantages of the process. 


ROLLING MILL PRACTICE 


The system of ingot stresses and deformation 
during rolling in a blooming mill and the bite 
of the work rolls on the stock S. V. Makaev 
(Stal’, 1960, (7), 628-634) The difference in the 
limiting angles of bite during entry and after 
rolling are referred to the system of stresses 
and deformations in the metal and not to 
changes in the coefficient of friction. 

Study of rolling force and deformation on a 
4-high mill C. Roger and R. Quonten (Centre 
Doc, Sidér., 1959, 16, (11), 2427-2436) Strain 
gauges have been used to determine the defor- 
mation of the mill frame during rolling. From 
the deformation curve obtained it is possible 
to calculate the thickness of sheet rolled with 
an accuracy of +0-15 mm.—aA.«G. 

Applications of roll ragging H. E. Muller 
(Uron Steel Eng., 1960, 37, May, 107-118) The 
theory of rolling with reference to the need for 
ragging is outlined, and various types of rag- 
ging and their geometry are discussed. Refer- 
ence is made to defects arising from knurling. 

The forces in rolier bearings of stands in con- 
tinuous wire mills H. Miinnich (Stahl Eisen, 
1960, 80, Aug. 18, 1136-1147) In the last few 
years, four-row cylinder roller bearings have 
been used in the construction of continuous 
mills for wire and thin sections. Whereas the 
heavily strained bearings in the first stands 
showed a long service life the bearings in the 
last stands, which are very much less strained 
than the first, wore out in a much shorter time. 
Measurement showed that this was due to a 
tilting of the roll in the bearing and the result- 
ing uneven loading of the bearing. The report 
is followed by a long and interesting discussion. 

The rolling of 750-kg ingots of free-cutting 
steel R 10 N. U. Akaev (Stal’, 1960, (8), 731 
732) Difficulties encountered in the production 
of large forging ingots are described. A casting 
and rolling technique for large ingots was 
developed and is set out. 

The development of lightened sections at the 
Magnitogorsk integrated steelworks N. I. 


Sirazitdinov (Stal’, 1960, (7), 624-628) The 
new sections are indicated with comparisons 
of their strength and weight with those of the 
older sections. Rolling conditions are reviewed, 
the thinner section gives a larger temp, drop 
and hence a fall in ductility and an increase in 
the power required. Nevertheless a longer total 
output of section is secured and metal saved 
also makes up for the power consumed. 

Properties of lightened doublie-flange beams 
and channel sections and special features of 
their production P. A. Aleksandrov, I. V. Gunin 
and I. N. Filippov (Stal’, 1960, (7), 619-623) 
Newly developed sections have given great 
economies in metal and increased output. 
Originally, however, output fell, roll life was 
reduced, and raany rejects were encountered. 
How these difficulties were overcome is des- 
eribed, especially the new roll pass design. 
Heavy beams should be cooled in the upright 
position to reduce residual stresses. 

Application of standard numbers to the 
standardisation of metallurgical products I. 
Fabriani (Bol. ABM, 1960, 16, July, 487-496) 
The author shows that standard numbers can 
lead to a single system of standard sizing of 
metallurgical products and that a change to 
this system can proceed smoothly. Simplicity 
and economy would result.—p.s. 

The choice of a practical type of sheet rolling 
mill B. 8. Shapiro (Stal’, 1960, (8), 722-726) 
Experience at various mills is assessed and 
various opinions expressed in the literature are 
considered. For most purposes the mills now in 
operation are quite satisfactory. For bi-phase 
austenitic—ferritic and ferritic—-austenitic stain- 
less steels an additional roller hearth furnace 
between the reversing and continuous stands is 
required. Other recommendations are made. 

Study of rolling undertaken under the aus- 
pices of the E.C.8.C. Summary of principal 
results J. Stremsdoerfer (Centre Doc. Sidér., 
1960, 17, (4), 977-986) Mention is made of 
experiments carried out to obtain more infor- 
mation regarding the differing characteristics 
of extra-mild, non-annealed rimming steel de- 
pending on the process it has to undergo. 
These showed that the upper elastic limit of 
sheet hot rolled on a continuous mill can vary 
between 33 and 25 kg/mm? whereas after nor- 
malization, the upper limit is at 20-24 kg/mm?. 
The ECSC project aimed at studying rollin 
factors which could affect the mechanica 
characteristics of these steels. The present 
study describes the trial programme and the 
main findings. The trials showed that the 
appearance of large grains was due to temp. 
factors at the end of rolling and confirmed that 
for extra mild steels only differing in carbon 
content, those with the higher content had 
higher elastic limits, which seems paradoxical 
unless the carbon content of the ferrite only is 
taken into account. 

Controlled rolling P. Blain (Centre Doc. 
Sidér., 1959, 16, (8), 1787-1794) Controlled 
rolling involves the regulation of the whole 
cycle of successive deformations and temp. 
taking account of the time elapsing between 
passes. Factors involved are discussed with 
particular reference to the effect on grain size 
of the product.—a.«. 

The causes of gauge variations in hot strip 
milis and their correction RK. B. Sims (Jron 
Steel Eng., 1960, 37, May, 69-83) The causes of 
gauge variations are analysed, and are shown 
to be mainly due to differential between the 
finishing speed of the last roughing stand and 
the entry speed of the first finisher, together 
with variations in applied strip tension. It is 
shown how optimum results can be obtained 
with automatic gauge control, operating with 
raised looper rollers and constant interstand 
tension. 

On the equipment of No.2 continuous wire 
rod mili at Kokura steel works M. Nose, Y. 
Yoshiyagawa, and T. Ogura (Sumi. Met., 1960, 
12, Jan., 355-360) An illustrated review. 

On a new wheel rolling mill H. Gunji and T. 
Kimura (Sumi. Met., 1960, 12, Jan., 361-367) 
An illustrated review. 

Tool for marking the blanks at the ends 
L. M. Vitushinskii, N. K. Klets, and A. B. 
Gorban’ (Stal’, 1960, (8), 740) A device for 
stamping the ends of three blanks simul- 
taneously is illustrated. 
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Nippon Kohan instalis new cold forming line 
(Iron Steel Eng., 1960, 37, May, 155-156) The 
eold roll forming mill for highway guard rail, 
supplied by Kane and Roach Inc., of Syracuse, 
NY, to Nippon Kohan is described and illus- 
trated. 

The change in mechanical properties of steel 
during cold rolling N. A. Troshchenkov and 
L. A. Zagadchenko (Stal’, 1960, (8), 7356-738) 
Tests on 11 types of steel are reported using a 
four-high reversing mill and with reductions of 
5-15% per pass. The findings are shown as 
curves. Tensile strength does not rise propor- 
tional to reduction, increasing at the start and 
then falling. Anisotropy increases during 
rolling, especially with EI 811 steel. Hardness 
of ductile steels increases but steels hard 
before rolling are not greatly changed. 

The relationship between tube scrap due to 
laps and laminations and the chemical composi- 
tion of the steel N. K. Solomakha (Stal’, 1960, 
(8), 729-730) Statistical studies showed correla- 
tions of rejects with tube dia. and 8 and P con- 
tents. The smaller dia. of tubes revealed de- 
fects in the reduction process and usually 
made them more serious. The defects are due 
in the first place to excess 8 and P. It is esti- 
mated that reduction of these to 0-005 % would 
decrease the incidence of defects by 7-10%. 

A technique for measuring eccentricity in 
metal tubes B. E. Noltingk (/nstr. Practice, 
1960, 14, July, 749-756) An electrical induc- 
tion gauge capable of giving the eccentricity of 
the whole output of seamless tubes is des- 
cribed. 

Study of conveyors and coilers KR. Saulnier 
(Centre Doc. Sidér., 1960, 17, (4), 963-975) 
This study which is limited to wire and bar 
mills aims at reporting on the various types of 
coilers and conveyors of coiled products and is 
based on replies by eight French works to a 
questionnaire. Ample layout diagrams of 
various systems are given and there is a note on 
the personnel required on plant of the standard 
type. 


MACHINERY AND SERVICES FOR 
1RON AND STEELWORKS 


The main girders of steelworks bridge cranes 
8. Bellone (Ing. Met., 1960, 9, July, 29-33) In 
view of the high cost and difficulty of main- 
taining means of lifting and transporting, and 
particularly electric bridge cranes in steel- 
works and foundries, special methods must be 
used in their design. Useful assistance is given 
in a manual of instructions produced by the 
Italian National Research Council which deals 
with bridge cranes and similar steelworks 
equipment but experience in the construction 
of such equipment for heavy and continuous 
use is essential. 

Possibilities for ac cranes for steel mills 
H. A. Zollinger (Iron Steel Eng., 1960, 37, May, 
119-122) Advantages of ac cranes include 
better crane life, lower maintenance, and 
power economies. Some design and perform- 
ance data are given. 

Dual capacity hoist for EOT cranes 1D. 
Schaper (Iron Steel Eng., 1960, 37, May, 130- 
132) The device described gives a single hoist 
crane the advantages of a dual hoist, using a 
re-reeving arrangement in the hoist mechan- 
ism. 

Margam critical pressure boiler and power 
plant (Lng. Boiler House Rev., 1960, 76, Aug., 
253-260) An illustrated account. 

Electricity in steel-making T. B. Rolle (J. 
Inst. Elect. Eng., 1960, 6, Feb., 83-89) A 
review of an integrated works with notes on 
mill drives, power sources and supplies, distri- 
bution, lighting, and instrumentation. 

Modern electric systems in the steel industry 
—new concepts in design and maintenance 
E. H. Browning (AISI Reg. Tech. Meet., 1959, 
19-51) A review of the initiation and develop- 
ment of new ideas, such as automatic pro- 
gramming, the use of in-line computers, with 
highly transistorized circuitry adjacent to the 
process, and data accumulation treatment and 
a description of their up-to-date application to 
blast-furnaces and the electrical systerns used 
in steel mills today. 

Auxiliary drive static rectifiers ©. B. Fitz- 
gerald and E. J, Posselt (Iron Steel Eng., 1960, 
37, May, 140-143) A new standardized drive is 
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described which i several features 
making it suitable for use with a number of 
heavy euxiliary drives. ee ng magnetic 
drives incorporating silicon di 

(Brit. * Steel, 1960, 


Liquified petroleum 

26, Feb., 66-67) Possible applications of L.P.G. 
as a fuel for petrol and diesel engines 
ww oa discussed with examples of steelworks 

t. 
. The water economy of the La Chiers works 
and the measures taken to prevent river pollu- 
tion D. Rabe (Stahl Lisen, 1960, 80, Aug. 18, 
1167-1168) The Hauts Fourneaux de la Chiers 
polluted the river Chiers heavily in former 
times and were forced to take measures to pre- 
vent this pollution. The water consumption is 
9500 m*/h and there are two circuits, the open 
one and the closed one. By using recirculated 
water the water consumption from the river is 
reduced to 4300 m*/h. The measures for pre- 
pro of river pollution are mainly the 

— itation of dust from the sintering plant 

rom the flue gas cleaning.—t.«. 


WELDING AND FLAME-CUTTING 


Modern arc welding of cast iron J. Babnik 
(Varilna Tech., 1968, 7, (3-4), 54-57) Cast iron 
welding techniques are still being improved. 
Gas and electric welding still raises very diffi- 
cult problems, particularly in the repair of cast 
iron structures in railway workshops. The 
author briefly describes hot and semi-hot 
welding and concludes with practical instruc- 
tions for the cold welding of the cast iron. 

low-carbon martensite W. P. Hatch, 
R. E, Travis, and C. E. Hartbower (Weld. J., 
1960, 39, April, 141s~-146s) This is a description 
of work carried out to investigate low-carbon 
steels in welded structures. The results s 
that the strength and toughness of welded 
joints —s this —s are outstandi 

Spot age ee carbon steel I. W. ; Johnson 
(Weld. J., 1 39, March, 89s-96s) This is an 
interpretive report on the spot welding of car- 
bon steel, summarizing all the available infor- 
mation and data on the subject. The metal- 
lurgy, mechanical properties, design and test- 
ing of welds, and appropriate electrodes, are 
considered (17 refs). 


Metallurgical in the welding of 
steels of various J. Bjérkroth (Acciaio 
Inossid., 1959, 26, (4), 140-156) This article 


discusses the general problems involved and 
then deals in more detail with the welding of 
low alloy steels, chrome martensite steels, 
plated steels. The successful welding of an 
Avesta 832 SKT steel plate of 35 mm thickness 
on to an ordinary stee me is described. 
ments on the welding of various types of 
steels (Acciaio Inossid., 1960, 26, (5), 332-234) 
This article izes some fund 
ideas ing the phenomena which oa 
place during the welding of two different types 
of steel. 

Building up of tool steels in argon shielded 
atmospheres (carried out on turning tools), 
with reference to cost saving V. Prosenc 
and Stular (Varilna Tech., 1959, 8, (2), 
26-31) ‘Comparative tests of welding processes 
show that building up in the argon shielded 
atmosphere is — suitable for the production 
of new tools and also the repair of worn tools 
both from the technical and economic points of 
view. Tests were carried out on Jugoslav high- 
speed steels BRC, BRW, and BRW 2. Com- 
parative calculations based on the Jugoslav 
prices have shown that the costs of production 
of a built-up turning tool were from 30 to 50%, 
lower than ae for tools made entirely from 


“Gon te 6 by 00, welding V. Gilde (Varilna 
Techn. R on Welding Conference, 1959, 
118-120) [In English] A rn he tion is given of 
co, valine equipment used for semi-auto- 
matic operation. Filler materials used and 
their composition are given. The economies of 
this process in comparison with manual weld- 
ing have been shown ete soe an eenperaneat. Work. 
iene increased cteaesiag — 

sen wales Oi ing of 
= clectrosag, weld Ten, 

Wading Conference, 1959, 111-116) {In 
Eoeliah Repair welding of heavy cast steel 
cross-sections is very difficult using conven- 
tional methods. By partial electro-slag welding 





the task can be successfully performed under 
normal operating conditions. Welding data can 
be predetermined and observed with accuracy 
by subdividing the cross-section to be welded 
into smaller individual sections of equal shape 
and size. Compared with methods used hither- 
to, electroslag welding results in considerably 
reduced repair time and non-warping per- 
formance. 
of 


gas welding of concrete-reintorcing 
steel B. Mejak and P. Stular (Varilna Tehn., 
1959, 8, (1), 12-15) Due to the mechanical and 
metallurgical properties of joints, reinforcing 
steels welded by pressure gas welding can be 
compared with those obtained by flash welding 
under pressure. The article gives the results of 
research carried out and examples of applica- 
tions of the process in Germany and at the 
Institute of Welding in Ljubljana. 
of ng equipment in Jugo- 
slavia L. Knez, F. Miltalinoce K. Spigl A 
Smoleic, V. Dini¢g, 8. Ferudic, and P. Stular 
(Variina Tehn., Welding Conference, 1959, 37— 
52) [In French] The article begins with a des- 
eription of the development of welding tech- 
niques at the Jesenice Steelworks and at the 
Elektroda factory at Zagreb. The production 
of welding electrodes, power transformers, new 
industrial X-ray apparatus, and equipment for 
defectoscopy is dealt with. Finally, present 
welding aS oeamien _ lant is reviewed. 
Fi yy n the Jugosiav machine 
tool ‘ladeatty 3." 8. Vukioovis Kabaj, M. 
Einhauer, A. Martini, C. Jovanovic, and P. 
Cerjak (Varilna Tehn., Welding Conference, 
1959, 76-79) {In English] The writers describe 
the development of welding techniques in the 
Jugoslav machine tool industry giving numer- 
ous illustrations of completed welded struc- 


tures. 

dugosiav sh iding and welding J. 
RoZéanic and 8, Lliassich (Varilna Tehn., Weld- 
ing Conference, 1959, 60-64) [In English] The 
article gives a general review of the shipbuild- 
ing industry and recounts its reconstruction 
and modernization since 1945 in the light of 
welded techniques, the problem of training 
skilled workmen, and the practical application 
of methods of welding control. 

Electro-siag weildi G. Foti (Riv. Ital. 
Saldatura, 1960, 12, May-June, 113-120) The 
writer describes the electroslag welding process 
developed by the Paton Institute with special 
reference to the welding parameters, the filler 
materials and the fluxes. The metallurgical 
principles of the process and welding defects 
are also discussed. Finally the operation of the 
equipment used for electroslag welding is des- 
eribed and details of two types are given. 

——- of electro-siag welding A. M. 
Horstield (Brit. Weld. J., 1960, 7, hy 337- 
341) The author describes cleetro-slag —— 
mentions its advantages, and compares it 
other methods. The quality of the welds 
obtained, and the various appliations are also 
discussed. 

How electrosiag welding is used in Russia 
A. B. Tesmen (Met. Prog., S060, 77, Feb., 118- 
122) An outline of the method, with a report of 
its applications in USSR to the welding of 
thick sections. 

Friction welding J. Mandaus and J. Voboiil 
(Ozech. Heavy Ind., 1960, (8), 3-10) [In English] 
A review with descriptions of the process, the 
origin of heating, the machines used, and the 
advantages where it can be employed. 

Electron beam welding M. E. Harper and 
E. G. Nunn (Brit. Weld. J., 1960, 7, May, 331- 
336) The advantages of this type of welding, 
carried out in vacuo, are sti , and the 
principles, equipment, and applications of the 
process are discussed. 

Suntcstenets welding with fine wires 
R. V. Brimble, J. A. Lucey, and D. B. Tait 
(Brit. Weld. J., ‘Tees, 7, May, 342-352) The 
advances made in welding of steel by the gas- 
shielded metal arc process, due to the develop- 
ment of feed equipment for small dia. fine wire, 
and improved power sources, are described, and 
the uses of this new equipment are indicated. 

The alumino-thermic welding of raiis F. 
Moneva (Inst. Hierro Acero, 1 , 13, April- 
June, 617-624) After pointing out the advan- 
tages of welded track the author gives details 
of the alumino-thermal (thermite) technique of 
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welding lines and describes examples from 
Spain and abroad of welded track lengths in 


use.—-P 

h to electrosiag welding in +a 
U States (Met. Prog., 1960, 77, Feb., 12 
125) The principle of the method ae the 
operating conditions are outlined. 

Influence of weld details on fatigue of welded 
beams and W. H. Manse and J. E. 
Stallmeyer (Brit. Weld. J., 1960, 7, March, 
188-200) A discussion of the effect of stiffeners, 


splices, etc., which might be expected to 
reduce fatigue strength. 

F , erection, welding and testing of 

welded T-1 steel casings E. L. 


Seeland (Weld. J., 1960, 39, April, 309-313) A 
detailed description of the manufacture of 
these hydroelectric turbine spiral casings, and 
of the considerations taken into account at the 
design stage, is given. 

inert gas arc welding in relation to the 
weldability of certain metals and alloys P. 
Stular (Varilna Tehn., 1959, 8, (1), 3-12) The 
article describes the main characteristics of the 
weldability and welding of Al and its alloys as 
well as 18-8 stainless steels by the TIG and 
MIG processes. 


Importance of accessory equipment on the 
productivity rate for welded metal construction 
(Teen. Indust., 1960, 38, June, 888-874) It is 
inted out that positioning and assembly jigs 
ave an important role in welded construction 
production and various illustrations of such 
jigs are described. A suitable administrative 
organization for a welding firm is also dis- 
cussed: there should be offices for study and 
design, work methods, and work planning. 

Control of welding distortion E. H. Lee 
(Metro.-Vick. Gazz., 1959, 30, June, 148-155) 
From Weld. Met. Fabr., 1959, March. 

Notch-ductile weld metal Ser dynamically 

T-1 steel structures J. S. Kobler (Weld. 
J., 1960, 39, April, 160s~ 171s). ba letedindion 
wes carried out, resulting in the development 
of electrodes suitable for producing weld 
deposits that react favourably to a stress- 
relief anneal, and show static and impact 
properties very similar to those of the T—1 
metal 

Fundamental correlations concerning the 
transfer of alloying elements from electrode 
into weld in the arc welding and facing of steel 
A. A. Erokhin (Svaroch. Proizv., 1956, (4), 
4-12) Losses of elements by oxidation and 
spattering and other processes are evaluated 
and processes and rates of transfer of the 
remaining alloying constituents are discussed 
in relation to concentration in the electrode 
and to oxidation potential. 

Relationship between microstructure and 
mechanical of mild steel weld 

K. J. Irvine and F, B. Pickering ( Brit. 
Weld. J., 1960, 7, May, 353-364) The results of 
optical and electron-microscope studies of 
metal-arc, argonarc, atomic hydrogen, and 
oxy-acetylene welds in mild steel are given. 

Kinetics of austenite — nin steels 
during —: N. N., orov, E. L. 
Makarov, and I. eecagerentn (Metallov. 
Term. Obra. Met., 1959, (3), 13-16) The de- 
composition of austenite during welding was 
studied magnetometrically. It is claimed that 
the changes of structure are revealed more 
accurately than by dilatometric work, in the 
temp. range studied. The apparatus used is 
described, and the results obtained are given 
(in particular, the correlatiqn of austenite 
transformation temperature with resistance to 
cold cracking). 

transfer during arc welding in various 
shielding gases L. F. Defize and P. C. van der 
Willigen (Brit. Weld. J., 1960, 7, May, 297- 
305) The nature of droplet transfer is discussed 
and work on the size of the droplets under 
various conditions in CO, and argon is des- 
cribed. High-speed cinematography was used 
in the work. 

Influence of hyd on welds J. Zvokelj 
(Varilna Tech., 1959, 8, (4), 92-95) This article 
reviews current works dealing with the hydro- 
gen content of welds. The article describes the 
conditions for the development of H, in welds 
and then discusses the three most important 
weld defects caused by H, namely—fish-eyes, 
under-bead cracks, and microcracks. 
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Development of hydrogen content and mech- 
anical properties of arc weids with coated elec- 
trodes as a function of time (Varilna Tech., 
1958, 7, (3-4), 68-71) The aim of the tests, 
described is to measure the rate of reduction of 
H, content as a function of time in the depos- 
ited metal by various types of electrodes. 
Simple tensile tests were used. Hydrogen dis- 
solved in the metal is reduced as a function of 
time after welding until its content reaches a 
minimum value. 

Constitution diagram for stainless steel weld 
metal A. L. Schaeffler. Revised section of 
Schaeffler constitution diagram W. T. Delong 
(Met. Prog., 1960, 77, Feb., 100B) A reproduc- 
tion and discussion of these diagrams (98-100). 

A study of cracking in low-alloy steel welded 
joints J. T. Berry and R. C. Allan (Weld. J., 
1960, 39, March, 105s-ll6s) The authors 
present a review of the literature on ‘cold 
cracking’, and then describe some preliminary 
results of an investigation into the phenomen- 
on. These results, and those of earlier workers 
are used in the formulation of a theory of ‘cold- 
cracking’ (92 refs). 

A survey of brazing (Varilna Tech., 1958, 7, 
(3-4), 61-65) The article defines brazing and 
compares brazing with fusion welding. Also 
dealt with are determination of the operating 
temp., description of operating practice, shape 
of the brazing joint, surface preparation of the 
base metal, flame-hard brazing, and prepara- 
tion of metal. 

Brazing in controlled atmosphere furnaces 
G. Kluge (Trattamenti Term., 1959, 2, Nov. 
Dec., 15-22) This article describes flame braz- 
ing in a controlled atmosphere and the furnace 
characteristics required. He gives the advan- 
tages of flame brazing as (1) substantial saving 
in labour, space, time, and material costs; 
(2) mass production of complicated parts 
which previously required the use of specially 
skilled men; (3) increase in production as more 
brazing can be carried out at the same time; 
(4) reduction in the number of rejects owing to 
the high quality of the product; (5) elimination 
of deoxidizers, making reprocessing unneces- 


sary. 

High-temperature brazing e ments R. R. 
Ruppender (Met. Prog., 1960, 77, Feb., 95-97) 
The use of statistical analysis in assessing the 
results of fusion welding experiments is dis- 
cussed. 

Designing brazed joints for 1000°F and above 
J.C. Reeves (Prod. Eng., 1960, 31, Aug. 1, 40— 
43, 45) A review of the brazing of stainless 
steels, alloy steels, and superalloys. Choice of 
brazing alloy is discussed and tables of joint 
strengths are shown. 

Development of oxidation and liquid-sodium- 
resistant brazing alloys D. Canonico and H. 
Schwarzbart (Weld. J., 1960, 39, March, 122s— 
1288) Fe, Cr, and Ni-based filler metals were 
investigated, and considerable success was 
achieved by the use of Ni-Cr-Ge and Li- 
containing alloys. 

Oxidation-resistant brazing alloys G. H. 
Sistare jun. and A. 8. McDonald (WA DO TR- 
55-52, PB 130403, 1955, April, pp.45; from 
US Govt. Res. Rep., 1960, 33, Supplement, 
April, 91; no ee itil adi een i 

Advantages of propane ng 
welding in Jugosiav conditions P. Stular 
(Varilna Tech., 1959, 8, (2), 38-41) The author 

ives the advantages of propane cutting— 
e reserves in Jugoslavia, low costs, excel- 
lent for the autogenic cutting of steels, and 
outlines certain welding methods proved by 
tests carried out in various countries as well as 
at the Institute of Welding in Ljubljana. On 
the basis of these findings the use of propane in 
cutting is recommended. 

Practical results of comparative tests of pro- 
pane and acetylene cutting in ‘Metaina 
(dugosiavia) P. Cerjak (Varilna Tech., 1959, 8, 
(2), 41-44) The writer proposes that C,H, 
cutting of metals should be introduced in 
‘Metalna’, basing this on the results of a com- 
parison of tests of propane cutting of structural 
material with oxy-acetylene cutting. He 
recommends that propane cutting should be 
used in large industrial plants. 

A study of natural gas-oxygen 

and ication J. C. Worthing- 


ton (Weld. J, 1960, 49, March, 229-235) The 
theory of the reactions involved in, and the 


effect of variables such as torch and tip design 
on this type of cutting are discussed. Methods 
of cutting mild steel and non-magnetic steel 
are described, as is bevelling. It is concluded 
that natural gas is, at present, the most econ- 
omical fuel for the oxygen cutting of steel. 

Profiling of sprocket segments with the elec- 
tronic oxygen-cutting machine National Cylin- 
der Gas, Chemetron Corp. (Weld. J., 1960, 39, 
April, 351-353) The improvements made in 
the Pershing Road Plant of Link-—Belt Co., 
Chicago, by changing to electronic line tracing 
(from automatic oxygen cutting) are described 
and explained. The gain in accuracy is stressed. 

Tungsten-arc cutting of stainless steel G. A. 
Conner (Weld. J., 1960, 39, March, 215-222) 
The advantages of this method of cutting of 
the 300 series of stainless steels are explained. 
In particular, cutting and bevelling by this 
means provides a better fit for nuclear- 
ogmenan welds, and thus leads to higher 
weld quality, and reduced costs. 

Microstructure and the strength of the joints 
in the pressure welding ef multi-layer E.L. 
Astrov (Svar. Proizv., 1960, (2), 21-24) The 
effect of the microstructure of the adjoining 
zone of the strength of the weld joints of car- 
bon and alloy steels of different chemical com- 
positions has been investigated. It has been 
shown that strong joints can be obtained with- 
out visible layers because of heterodiffusion; or 
with sharp boundaries. The latter type of joint 
is normally produced when welding together 
high-alloy steels or with low carbon steels. In 
either case, no oxides, non-metallic inclusions, 
or coarse phases should be present in the weld- 
ing zone. The nature of the microstructure of 
the adjoining zone determines the strength of 
~ we tivation ee a te 

nvestigating properties metal 
welded on by a few heat-resistant electrodes 
F. I. Pashukanis and A. E. Runov (Svar. 
Proizv., 1960, (2), 5-9) The heat treatment of 
austenitic—ferritic deposited metals of the type 
1Kh19N12M2F, IKhI9NI2M2K3VF, and 
1Kh19N10B between 1 050 and 1 200° dissolves 
only a limited amount (up to 4-5%) of the 
ferrite _ To increase the plastic properties 
of such deposited metals doing extended 
periods of service at the sigma-phase formation 
temp., it is advisable to see that in its initial 
structure the metal does not contain more than 
4-5% of ferritic phase and to carry out the 
austenitization of the welded joints at between 
1050 and 1 200°. 

Long term strength of the weiding joints of 
low carbon steels L. G. Achkasov (Svar. 
Proizv., 1960, (1), 19-23) Tests for long term 
strength of welded specimens of S8t3T low- 
carbon steel have shown that electric are weld- 
ing of this steel with OMM-—5 electrodes gives a 
joint the long term strength of which between 
325 and 525° is not lower than that of the base 
metal. The nature of the failures of the speci- 
mens in the weld metal and in the base metal 
depends on the temp. of the test, At 325° all 
specimens showed intercrystalline failure. At 
425, 475, and 525° failure along grain boundar- 
ies was observed even after only 260, 170, and 
70 h respectively. 

fe od for the quantitative assessment of 
the tendency of welding joints to developing 
cold cracks B. A. Kolodnaya (Svar. Proizv., 
1960, (2), 12-15) Cross-shaped specimens 
welded during the tests were used. The speci- 
mens must be given the stress conditions of the 
lst order corresponding to the conditions of the 
welding operation. They must reproduce the 
different conditions of saturation with and 
elimination of H, during welding, also the 
thermal cycle should correspond to the weld- 
ing process. The specimens were examined 
after every method of welding for the presence 
of cracks and set against the respective elec- 
trode. The —— are ape ee 


M causes -affected zone 
cracking in heavy section 18-12-Nb austenitic 
stainless-steel welded joints N. E. Moore and 
J. A. Griffiths (J7SJ, 1961, 197, Jan., 29-39) 
[This issue}. 

The effect of residual stresses on the resist- 
ance to vibration of specimens with transverse 

ints D. I. Navrotskii and V. N. 
Savel’ev (Svar. Proizv., 1960, (5), 15-17) 
Investigations have shown that in the most 
typical joints (butt welds and angular seams) 
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the action of transverse residual stresses is fully 
cancelled out by the effect of work-hardeni 
of the welding zone. The anneal usually cnatlell 
out to remove welding stresses, which at the 
same time removes the hardening stresses, is 
therefore not advisable. 

Some patterns of carbon diffusion in the weld 

ints of pearlitic steels L. S. Livshits and 8. I. 

anich (Svar. Proizv., 1960, (5), 23-24) The 
migration of carbon in the welding zone be- 
tween the different types of metals (weld 
metal and steel) has been investigated. The 
experiments here related show that at 500- 
700° carbon diffuses in the joint through the 
a-solution. In the sections of the joint contain- 
ing elements forming stable carbides, the 
carbon concentration in ferrite is much lower 
than in the sections which contain leas power- 
ful carbide forming elements. It has also been 
shown that the depth of the decarburizing zone 
for the different allege depends on the duration 
and temp. of the operation. At 550° decar- 
burization proceeds very slowly, at 650°, ite 
rate is perceptible and cannot be neglected, at 
700° the rate is excessive and may cause 
premature failure of the weldment. 

Non-mechanical jointing of metals G. Fitz- 
gerald-Lee (Eng. Mat. Design, 1960, 3, May, 
291-297) Soldering, brazing, and welding are 
surveyed. There is not much reference to 
ferrous metals. 

Cementing metals together G. Shvarts 
(Svar. Proizv., 1960, (2), 39-42) Since 1955 this 
method has been widely used in East German 
for obtaining permanent joints. The disad- 
vantages of rivetting are eliminated, for ex- 
ample, the cross-section is not reduced, no 
stress peaks are formed but an even distribu- 
tion of the loads is achieved with no distortion, 
ete. Materials of different types can be cement- 
ed together. Various substances for cementing 
are mentioned: ‘Ebonite’, a product made on 
the base of plasticizer 32, which in turn is 
obtained by polymerization of butadiene at a 
pressure of about 3-5 atm. by using metallic 
sodium and 1% diphenylamine as stabilizer. 
Figure 32 at the beginning indicates a molecu- 
lar weight of 32000. Many more substances are 
reviewed. 

New Be pees oy for gas flame treatment of 
structural metals made by VNIlAvtogen (Svar. 
Proizv., 1960, (5), 40-42) A few new types of 
machines are described for oxygen cutting, gas 
cutting, and for automatic gas soldering, and 
some technical specifications are given. 

Experience with the type ASP-1 gas cutting 
machine A. V. Krupenya (Svar. Proizv., 1960, 
(2), 38) Specifications are given of a recon- 
structed machine which allows cutting of 4mm 
thick steel at a rate of 900 mm/min. 

Electro-oxygen cutting of metal N. F. 
Varfolomeev (Svar. Prowv., 1960, (1), 36) A 
new method of electro-oxygen metal cutting is 

roposed by the author from the Kiev National 

nstitute of the Air Force. It is based on the 
experimentally demonstrated fact that induc- 
tion heating of the metal by h.f. currents may 
be used with advantage instead of the gas or 
oxygen-gas flame, and the method is specially 
suitable for machines cutting with gas, which 
can be easily adapted. 


MACHINING AND MACHINABILITY 


New ppeceees for machi metais W. 
Ghetu (Met. si Constr. Masini, | , (1), 18-23) 
Very general considerations for adapting exist- 
ing automatic machine tools to rapid control 
systems are reviewed. A few examples are 
given of operations with magnetic tape and 
computer control. 


Cutting force and 


Instr., 1960, (3), 24) The machinability of 
1Kh18N9T and 1Kh13 stainless and of Et 654 
heat-resistant steels has been investigated with 
cutting tools of VK8 and T5K10 hard allo 

without the use of lubricating-cooling liquide. 
Formulae are given for calculating the main 


temperature of the surface layer 
the machining of the steel V. A. 
Zhilin (Stanki Inet., 1960, (2), 40-41) An 
increase in spead, of rate of feed, and of 


of ge increases the temp. of the ace 
layer of the piece in work. The speed exerts the 
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greatest influence on temp. and the depth of 
the out the least. The material contributes also 
to an increase of ome do the cutting tools. 


steels to 

tools N. I. Tashlitskii (Stanki Instr., 

1960, (4), 33-34) The direction and the magni- 

tude of the cutting force is at the basis of the 

calculation for the vv pe parameters. The 

theoretical method of calculating these is 

given. A method of electric arc welding is 

explained which has some advantages over the 
existing procedures. 


Forming cutters for oo turbine 
blades of resistant steel A. A. imakhim 
(*Stanki Instr., 1956, 27, (12), 23-25) Deter- 


mining the optimum design of cutters of 
austenite steel, as used at the Leningrad 


cutting dies 
A. G. yueva, B. L. Aleksandrovich, and 
G. G. Korolev (Stanki Inatr., 1960, (3), 24-26) 
The article reports on tests with 95KhGSV 
steel, and sets out the findings for opti 
heat treatment, hardness, and heat-resistance 
after tempering at optimum temp. The values 
obtained demonstrate its suitability so that it 
may be used, as well as the older types 9KhS 
poe § EI 88. 

Fundamentals of cutting tool lubrication 
R. H. Norris and E. J. Lownes (Sci. Lubr., 
1959, 11, Nov., 26-35) After discussing the 

nomena involved in the cutting and grind- 
ing of metals, cutting fluid characteristics and 
the selection of cutting fluids for various pur- 
poses is described. The laboratory evaluation 
of cutting fluids and radioactive tool wear 
methods are also dealt with.——1.G. 





The evolution of soluble and straight cutting 
oils H. W. Hutton (Sci. Lubr., 1959, 11, Nov., 
57-68) A brief historical review of the chem- 
istry of cutting fluids over the last 110 years. 

in high-speed machining R. N. 
Cook (Engineering, 1960, 190, July 8, 63-64) 
An analysis of metal cutting speeds according 
to tool materials and cutting method. Three 
groups are distinguished, up to 1000 ft/min 
with WC, 1000-30000 ft/min with TiC and 
sintered oxides, and up to 360000 ft/min with 
static tools and explosive propulsion of the 


workpieces. 

of the chip in steel cutting K. 
Okushima and K. Minato (Bull. JSME, 1959, 
2, Feb., 58-64) The effects of cutting velocity, 
nose radius, and depth of cut, and the effect of 
feed, and an analysis of the angle of flowing- 
out of chip, with chip classification and a 
review of the effect of cutting conditions on the 
of the chip are discussed and evaluated. 
behaviour of the chip in steel a 
Part 11. The case of the parallel chip 
breaker K. Okushima, T. Hoshi, and T. Fuji- 
nawa (Bull. JSME, 1960, 3, (10), 199-205) 
Effects of feed, cutting velocity, and size of the 
chip breaker on the radius of curvature of the 
eylindrical helical chip are described and the 
reasons for effective chip breaking formulated 
in some equations on the basis of which a 

design chart is presented.—s.1.-s. 

t on the theories of orthogonal 

T. Ota, A. Shindo, and H. Fukuoka 

(Bull. JSME, 1959, 2, Feb., 115-123) A mathe- 

matical review in which previous admittedly 

incorrect conclusions are corrected, and after 

rege discussion the generalized case of 

ee and Shaffer's solution with built-up edge is 
investigated.—s.H.-8s. 

An analysis of the mechanism of ‘onal 
cutting K. Okushima and K. Hitomi (Mem. 
Fac. Eng. Kyoto Univ., 1958, 20, April, 95-116) 
{In English] A transitional flow region concept 
was used instead of the conventional shear 


lane. The findings agreed with experiments on 
'b and brass. 


Stiding-bieck type cutting test apparatus 
K. Okushima (Bui. SSMe 1958, 1, Nov., 
338-342) The principles, construction, use of, 
and tests carried out by an orthogonal cutting 
test apparatus using a sliding block are des- 
cribed, and the results are considered.—s. H.-s. 

Tool steels for tools and shear biades in 
Sheet metal R. 8. Watt: (Sheet & 
Strip Metal Users’ Techn. Assoc. Annual Proc., 
1951-52, 5, 58-94) The properties and selection 
of tool steels (for sheet and strip deformation) 
are discussed, and then the heat treatment of 
these steels is considered in detail. 


The deformation poe in metal cutting 
W. J. McDonald and B. F. Murphey (Trans. 


ASME, J. Eng. Ind., 1960, 828, Aug., 253- 
258) The analysis is carried out for a strain- 
hardening material taking into account temp. 
increase and flank rubbing. The strain im- 
— to the chip is a measure of the deviation 
rom Merchant's original equation if the temp. 
rise is not so great as to make a great change 
in ales mere curve. “ 

mai ure of poet cutting tools 
for automotive and aitted ndustries G. C. 
Lovitt (JAAEJ, 1960, 20, June, 76-81, 87) Co- 
operation between toolmaker and user, selec- 
tion of steels, heat-treatment, shaping, check- 
ing, surface treatments, and manufacturing 
procedure are discussed. 

New methods of metal cutting to get fine 
surface at low speed (sub-zero-, reversal finish-, 
and TF | M. Masuko and J. 
Kumabe (Bull. JSME, 1959, 2, (7), 487—494) 
Three processes, which, at low cutting velocity, 
give excellent finished surfaces and smaller 
depth and magnitude of work hardening are 
discussed, the effects of these methods are re- 
viewed, and a case is made out for their worth 
as against current trends for higher cutting 
speeds.—8.H.-8. 

On ceramic cutting tools (in machining car- 
bon steel K. Okushima and Y. Fujii (Bull. 
JSME, 1959, 2, May, 217-223) The physical 
properties and life of ceramic cutting tools are 
examined and compared with those of carbide 
tools. Cutting performance of ceramics was 
affected by specific gravity, transverse rupture 
strength, and crystal structure, and failures of 
tools tested were found to be essentially 
similar in both classes, proper tool geometry 
and cutting condition being equally necessary 
in both cases for tool life.—s.H.-8. 

The reclamation of cutting oils E. G. Ellis 
(Sei. Lubr., 1959, 11, Nov., 58-67) The 
machines and equipment for reclaiming oil 
from machining operations and swarf are des- 
cribed, some of these installations are reclaim- 
ing oil for 6d. a gallon that cost 4¢. 6d. new. 
Filters installed in grinding and honing work- 
shops are also described.—t. a. 

Cutting fluid selection and special cases C. J. 
Taylor and B. V. Harris (Sci. Lubr., 1959, 11, 
Nov., 43-51) The factors to be considered in 
the selection of the best cutting fluid are dis- 
cussed, and a number of actual applications 
quoted.—T.«G. 


rena ig pe a OM ag ng 8. 
Morton (Sci. Lubr., 1959, 11, Nov., 39-43) 


Although the arrangements used for the 
application of cutting fluids are of long 
established types, there are ible alterna- 
tives of considerable technical interest which, 
when used, could lead. to improved perform- 
ance in the machine shop, The author deals 
with conventional practices, application of 
cutting fluid through clearance crevices, 
application as a mist and special methods of 
application for grinding (16 refs).—tT.c. 

Water-base cutting fluids I. S. Morton (Sci. 
Lubr., 1959, 11, Nov., 70-72) The term ‘water- 
base cutting fluid’ is used to denote any non- 
petroleum aqueous product used to facilitate 
machining operations, These fluids are sodium 
carbonate, trisodium phosphate or soap, and 
more recently sodium nitrite. Experience 
gained with water-base cutting fluids is briefly 
reported.—T.G, 

Machinability study with a ceramic tool. 
iV. Performance of ceramic and carbide tools 
in cutting alloyed cast iron at ultra high speed 
K. Yamada, N. Nakayama, H. Kajihara, S. 
Sakai, and H. Mii (Rep. Gov. Ind. Res. Inst. 
Nagoya, 1960, 9, March, 107-113) The carbide 
tool wore out in a short time. The forces on the 
tool were smaller with cast iron than with 
steel, possibly because of the small deformabil- 
ity of the iron. The cutting speed was 670- 
1240 m/min. 

Photoelastic determination of oming tool 
stresses W. B. Rice, R. Salmon, and W. D. 
Syniuta (Trans. Eng. Inst. Canada, 1960, 4, 
(1), 20-23) A periodic variation of stress 
pattern was observed confirming the periodic 
nature of the process. A photoelastic tool 
cutting lead was used. 

Recent developments in machine tool cool- 
ants V. J. Haden (Prodn. Eng., 1960, 39, Sept., 
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529-536) A review on recent constituents of 
these liquids, with a note on reclamation. 

Factors generating surface roughness in 
cutting A. Iwaki and M. Mori (Bull. JSME, 
1958, 1, (1), 86-95) Tests were made on brass, 
copper, mild steel, hard steel, and cast iron 
with surfaces mirror-polished. In cutting, the 
linear relation between the degree of generated 
roughness and the cutting depth, and the 
similarity between shapes of generated pro- 
files according to property of material were 
considered. Abnormal roughness, generated by 
disturbance of built-up edge, was estimated 
with practical correlation coefficient, and auto- 
generated roughness, caused by non-uni- 
formity of grain size and hardness of materials, 
was estimated with the auto-correlation co- 
efficient.—-s.H.-8. 

Damping cutting vibrations H. Frommelt 
(Machinery, 1960, 97, Aug. 24, 448-450) 
Results obtained with copper-infiltrated iron 
powder are given. 

Effect of the relative displacement between 
pa Bg mn wheel and the work upon the 
w depth of cut in the grinding operation 
8. Shiozaki (Bull, JSME, 1960, 3, (10), 206— 
212) A review. At the conclusion it is stated 
that the grinding machine used was not a good 
one.—8.H.-8. 

Applications of recommended point shapes 
for drilling cast iron (PERA Bull., 1960, 13, 
April, 87-89) The recommendations of a report 


are reproduced. 

h a by electro-erosion. 
Part 11 G. B. Gamondi (Ing. Mecc., 1960, 9, 
June, 27-31) The conclusions drawn from a 
comparative sharpening test using WC-tipped 
tools which compared a wheel with an electro- 
erosion method, is that there is no marked 
difference between the two. The electro- 
erosion system is, however, more economical 
as a greater number of tools can be placed in 
the sharpening machine tank. In such a way 
extremely constant angles can be obtained 
for all the tools, while for tools with shaped 
cutting edges, specially shaped or extra-hard 
wheels are not required. 


CLEANING AND PICKLING 


Research on the ion of a practical 
method of cleaning stainless steels in 800 and 
1100 mm mills N. V. Keis and A. I. Komissar- 
ov (Stal’, 1960, (8), 740) A note from Chelya- 
binsk. Flame scarfing using Al-Mg powder has 
been adopted. It is only advisable to use it for 
sheets with surface defects. 

Pickling inhibitors in galvanising A. Herz 
(Mé. Const. Méc., 1960, 92, June, 491-493) 
The difference between passivators (or neutral- 
izers) and inhibitors (or attack limiters) is 
defined, and the theory of their action is dis- 
cussed. The results to be obtained with various 
simple inhibitors are described and shown dia- 
grammatically.—s.H.-s. 

Efficient methods of pickling carbon steel in 
sulphuric acid solutions V. P. Barannik and 
T. D. Kolpakova (Stal’, 1960, (8), 753-754) 
Tests on the factors concerned in the process 
were made on 7 mm rods of type 80 steel. 
Pickling with 25-35% acid (rather higher than 
is customary) at 70-90° with additions of 
3-9% common salt is recommended to improve 
scale removal and reduce metal losses. 

Some aspects of pre-enamelling control and 
nen for sheet and cast iron A. K. Williams 
(Inst. Vit. Enamel. Bull., 1960, 10, Aug., 377- 
384) Faults in casting or pressing and design 
should be looked for. 

Automatic control of the surface of steel 
strip V. A. Dolgalev, F. 8. Astaf’ev, P. A. 
Tyukalov, and I. S. Mustyukov (Stal’, 1960, 
(8), 734-735) A cleaning train for tin plate is 
described using electrolytic degreasing in the 
central section of a set of brush rinsing, de- 
greasing, and drying sections. The surface is 
scanned for stains, ete., and the causes and 
prevention of these are discussed. 

n of the metal surface. Comparison 
between simple degreasing and copper de- 
ing H. Richter (Galvano, 1960, 29, Feb., 
79-81) This article presents the case for copper 
degreasing. Experiments show that copper 
degreasing is more effective than simple 
degreasing. Adherence of subsequent coatings 
and brightness was improved. 
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Surface treatment of stainiess steels G. 
Colombo (Acciaio Inossid., 1960, 27, (3), 429- 
432) The author in this first article of the series 
defines the process as surface polishing, 
mechanical finishing treatment, and non- 
mechanical finishing treatment. He then sum- 
marizes the various measures which must be 
taken to ensure maximum corrosion resistance. 
He describes the standard finishes which are 
mainly of a mechanical nature carried out on 
sheets, strip, tubes, and bars. He gives then the 
definition for standard AISI finishing for 
sheets, plates, strip, tubes, and other shapes. 
He coneludes with a few remarks on choice of 
— 

Influence of the nozzie s and n 
pressure on the efficiency ep tnd rye 4 
shot blasting units K. Adlassnig (Gissserel, 
1960, 47, Awril 21, 211-214) The influence of 
these factors on air consumption, nozzle wear, 
and blasting efficiency is examined. 


PROTECTIVE COATINGS 


Gab pet metallic coatings J. H. Nicholls 
(Corros. Techn., 1960, 7, April, 107~110, 117) 
The properties, preparation, and uses of Sn, 
Pb, Zn, and Al hot-dipped coatings are com- 
pared (13 refs). 

Factors influencing the selection of metal 
finishes A. W. Wallbank (Sheet & Strip Metal 
Users’ Techn. Assoc., Annual Proc., 1951-52, 
5, 36-40) The purposes of metal finishes are 
discussed, the advantages of electrodeposition 
are considered, and physical effects, service, 
performance, appearance, and cost of the 
various finishes are compar 

On the thickness of protective coatings ( Peint. 
Pig. Vernis., 1960, 36, Aug., 449-451) This 
article gives much useful advice on the thick- 
ness of various coatings to be applied to steel 
and discusses the extent to which effectiveness 
will depend on the use to which the steel is put 
or the atmospheric influences to which it is 
exposed. 

How to determine etn Wer for rinse 
water in piatin . W. Parker (Met. 
Prog., _ eb es +» 82 wo An account of 
economies obtained in rinsing operations by 
reducing the water flow required. 

Trends in the jon of electro! 
chromium plating ve to an uncrac ed 
structure to i @ corrosion 
Morisset (Chrome on .» 1959-60, 75-82) rhe 
results of corrosion tests show that in the case 
of conventional 20 yz nickel plating of steel or 
zine alloy the multiplication of the thickness 
of the Cr plating by 10 increases corrosion pro- 
tection considerably more than by doubling 
the nickel plating (from 20 to 40 microns). 

Use of wet sanding to improve the fatigue 
resistance of steel and light chrome alloy parts 
R. Brunetaud, R. Chevalier, and P. Lescop 
(Chrome Dur, 1959-60, 3-15) Electrolytic 
deposits of chrome result in a reduction of the 
fatigue limit. It was found by investigations 
that wet sanding at grade 90 of steel before Cr 
plating restores and in certain cases improves 
the fatigue limit to 10® cycles. Sanding con- 
ditions must be adapted to the basic metal— 
for high resistance steels it is necessary to 
increase sanding pressure. 

Heat-treati electroless nickel coatings 
K. T. Ziehlke, W.8. Dritt, and C. H. Mahoney 
(Met. Prog., oak 77, Feb., 84-87) Effect of 
heat treatment on the structure and properties 
of coating containing 7—-10-5%P is described. 
Maximutn hardness is independent of P con- 
tent and occurs during the formation of an 
interim lattice from the amorphous as- 
deposited structure. 

ickness measurements on petee by 
means of an electron R. Kriegler and 
B. W. Schumacher (Plating, 1960, 47, April, 
393-395) An electron beam of variable oneemy 
is directed into the sample; the energy at whic 
the electrons penetrate the plating and reach 
the base metal is obtained measuring the 
acceleration voltage of the electron beam at 
the appearance characteristic X-ray lines 
from the base. The use of an atmospheric 
electron probe with an X-ray spectrometer 
makes the measurement feasible for rapid 
industrial routine tests. The accuracy of the 
measurements is very high, the method is not 
restricted to any combinationof plating and 
base metal.—r.o. 


The corrosion ive characteristics of 
decorative chromium plate W. H. Safranek, 
H. R. Miller, and C. L. Faust (Plating, 1960, 
47, May, 513-519) Among other items it was 
found that porosity in Cr plate is markedly 
reduced when its thickness is increased to 
0-025 mil.; at a thickness level of 0-05 mil., or 
more, Cr deposited on smooth surfaces is 
essentially pore-free. The conditions for obtain- 
ing pore-free and crack-free Cr deposits are 
listed. Only crack-free or pore-free deposits 
give good protection, this in particular with 
undercoats of Ni.—t.a. 

The development of duplex nickel plating 
M. M. Beckwith (Plating, 1960, 47, April, 402 
404) The steps in the development of duplex 
Ni during the last 15 years and the testing of 
the deposits by the CASS and Corrodkote tests 
are described.—T.@. 

The lite of galvanizing baths E. Vejmelka 
(Hutnik, 1960, 10, (3), 112-114) The principal 
factor affecting the life of the baths is shown to 
be the composition of the steel; the latter 
should have low C and Si contents. Welding 
technology and the use of suitable electrodes 
are also important.—P.F. 

Present level of the technology of as 
A. I. Vitkin (Metallurg, 1960, (1), 27-30) 
review of the equipment and machinery avail- 
able mainly in the USA for tin-plating by 
dipping and by the electrolytic process, and of 
Russian achievements in this direction. 

Physical properties of sprayed metais W. B. 
Meyer (Canad. Metalw., 1960, 23, May, 41) A 
data sheet listing density, hardness, melting 
point, shrinkage, tensile strength, and finishing 
of the commonly used sprayed metals.—7.«c. 

Sprayed ceramic coatings J. A. Sheppard 
(Eng. Mat. Design, 1960, 3, May, 288-290) 
Spraying with alumina and zirconia, the prop- 
erties of the coatings and their uses are des- 
cribed. 

The preparation and properties of iron nickel 
films I. Tsu (Plating, 1960, 47, June, 632 633) 
A chloride bath for the preparation of iron-rich 
films by electro-deposition is described. These 
films are isotropic as indicated by measure- 
ments of 60 cycle B—M loops. This behaviour is 
similar to that of the nickel-rich films des- 
eribed in the literature. However, the wall 
motion coercive force (He) is lower for the iron- 
rich films due to the relative magnetic proper- 
ties of iron and nickel. The evidence presented 
shows that the anisotropic character of iron 
nickel films does not depend solely on film 
composition. The addition of thiourea to the 
chloride bath causes extreme changes in the 
composition and physical properties of the 
plated films. 

Corrosion protection by the use of zinc and 
the processes used for the coating M. Straschill 
(Metall-Reinigung Vorbeh., 1960, 9, July, 111- 
114) A brief review of the various processes for 
the application of zine coatings such as gal- 
vanizing, electrodeposition, diffusion, and peen- 
plating.—t. a. 

Metallic coating by electrolysis. Some general 
notes on the zinc-alkali bath A. Tomor 
(Galvano, 1960, 29, Feb., 83-86) This article 
aims at providing a better understanding of 
the zinc alkaline bath process. Some of the 
possible causes of failure and ways of improv- 
ing the process are discussed. 

A prelimi study of the relationship 
between tin ng _ size of electro-tin- 

and flow-brig mg conditions ©. J. 

waites (Metallurgia, 1960, 61, March, 113-— 
121) Experimental work has been done on the 
use of a new electrotinplate flow-brightening 
unit, and the results are presented. The factors 
governing the grain size of the electrolytic tin- 
plate have been investigated. It is suggested 
that the phenomenon of ‘striping’, produced by 
the use of high-pressure water jets in the 
quench tank, could be used to differentiate 
between the two sides of differentially coated 
tinplate. 

Automatic grading of sheet metal F. I. 
Zenchenko (Stal’, 1960, (8), 732-733) Tinplate 
is examined for pinholes using photocells and 
by thickness using a Sr source of B-rays. 
Defective sheets are automatically diverted to 
@ special baling position. The cutting and 
handling arrangements are also descrit 

Electrodeposition of copper from the pyro- 
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phewmete bath S. K. Panikkar and T. L. 
ama Char (J. Sci. Ind. Res., 1960, 19A, June, 
265-272). 

Surface treatment by electrical processes: 
Processes for the ment of steel parts 
on their C= copper nickel /chromium 

. Strauc ro 1960, 000, 16. Aug., 535-6538) 
t lectropolishing and plating of steel parts for 
decorative corrosion protection with Cu-Ni-Cr 
to a total thickness of 48 yw is described.—rt.«. 

- a metal G. A. Curson (Brit. 
Weld, J., 1960, 7, May, 312-317) The author 
describes the powder and wire spraying pro- 
cesses, the nature of the coating, surface 
preparation, protective coatings (e.g. Zn and 
Al) applied in this way, compound coatings, 
automatic plant, site work, and building-up 
work. 

Production metailizing machines .. Manuel 
(Brit. Weld. J., 1960, 7, May, 323-326) The 
author outlines some of the considerations 
necessary when deciding the degree of auto- 
mation required for any given machine and the 
requirements necessary to incorporate good 
metallizing practice. Some of the automatic 
metallizing machines now operating in full 
production are also briefly described. 

Development of metal spra methods and 
equipment 8. Metelko (Varilna Tech., 1960, 9 
(1), 13-17) This article reviews the met 
spraying process from its beginnings to the 
present dealing with present problems, The 
work of the Institute of Welding, LRS, and 
similar international organizations in develop- 
ing the process is described. 

Reclamation by metal yi W. E. 
Ballard (Brit. Weld. J., 1960, 7, April, 223-230) 
The author reviews the development of metal 
spraying processes, considers the various types 
of coating and methods of finishing available, 
and outlines the applications of the process. 


L. O. Gite (RIALR 66-2995; PB 130013, 
1956, May, pp.66; from US Govt. Res, Rep., 
1960, 33, Supplement, April, 122; no abstract). 
oi review of p 1. coatings for assisting 
cold extrusion H. Holden (Sheet & Strip 
Metal Users’ Teche. Assoc., Annual Proc., 
1951-52, 6, 173-186) The history, importance, 
and principles of the effect of phosphate coat- 
ings on the deep-drawing of steel are con- 
sidered. 
a... influence of grit blasting on the rate of 
pe wen | formation in room temperature phos- 
phatizing solution J. Knanishu (RJAL 
383; PE 130100, 1947, Feb., pp.26; from US 
Govt. Res. Rep., 1960, 33, Supplement, April, 
122; no abstract). 
Cerresion resistance by the use of plastics 
applied modern methods 1. Weichert 
(Technik, y 15, Aug., 539-542) A review of 
pen spraying and of the fluidized-bed 
application of plastics to steel parts for corro- 
sion protection. The properties of a number of 
plastics are also described.—t. a. 
measurements of porcelain enamel 
ground coat frits J. E. Cox, D. M. Gerstner, 
and H. M. O’Rourke (Am. Ceram. Soc. Bull., 
1960, Feb., 78-81) Use of the Brookfield visco- 
meter is described. Various commercial frites 
were examined. 
treatment of metal surfaces and 
application ints for welding G. W. Sloof 
(Pein. Pig. Ver., 1960, 36, Aug., 452-462) The 
writer describes methods of avoiding corrosion 
of metal structures and treating non-fabricated 
or semi-finished materials and anti-rust pro- 
tection. He also discusses the social and 
economic aspects of modern methods of pre- 
paring metal surfaces and the best working 
conditions in welding shops. Tests on paints 
for welding and particularly the influence of 
lead paints on opacity of the weld joint to 
X-rays and the composition of the fumes 
emitted during the operation are outlined. The 
article concludes by outlining the general 
uirements a paint for welding must possess. 
study of priming tor 
metal N. R. Bharucha (Nature, 1960, 187, 
Aug. 27, 756-758) Single test panels are half 
coated with the paint and regarded as ‘contact 
couples’. The types of curves obtained are 
shown and discussed (17 refs). 
Paint coat and surface of the ae 
metal L. Bierner (Mitt. Forschungs. 
verarh., 1960, (15-16), Aug. 10, 203-207) "The 
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ts and surface y 
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a ae of the 


the surface 
ene oer of the 
surface is therefore one of most important 

steps in corrosion and rust protection. 


CLAD SHEET AND HARD FACING 


Glad steels Colvilles Ltd (Met. Bull., 1960, 
—_ 47-49) The various types of clad steel, 
anos mgd eae me methods, mech- 
— a pana 
proved mi tor hard facing I 
ing I. 

“nian ona 8. L. A> temagngent pF 
Proiav., 1960, (2), 32-35) Some new mixtures 
are suggested, @ few of which are: 50%Fe-Cr, 
50% iron ders; 60%Fe-Cr, 30% iron 
powder, 10% chromium boride; details of the 

rd is obtained and of the metal struc- 
tures are tabulated. 

Automatic wear-resistant facing for large 
scale A. P. Sushchenko (Svar. 
Proiev., —? (3), 27-30) A method has been 
worked out for qutemnatio ceeniioation of 





great 
sab oe faa ete ectaaetin ition of 
the alloy under the flux by a propor- 
tioning device. This operates independent of 
any —ewe in the voltage or in the contour of 
the surfac under treatment. The special pro- 


specific gravities and grain 
sizes serarately into the layer of flux. 
Wear-resistant 45 2 
electrode ©. A. Bakshi, v, G 
Klekovkin, V. M. Selovekot. sod T. V. Sumina 
(Svar. Proiev., 1960, (3), 30-33) A new of 
electrode eens cuitable fo for Fon owegne t) 


alloys on large le 
lent quality of the igh ines la. consoling set 

t ity of ti yer, © y 
far the layer deposited by the carbon arc. 


base metal is not fused to a great depth and the 
possibility is given for a wide control of the 
chemical composition and the hardness of the 
deposited layer with a substantial reduction in 
costs and an improvement in the working 
conditions. The operation may be carried out 
continuously or intermittently and the opti- 
mum conditions for these procedures have been 
worked out. 


metallic shext in colle AS. Belorsaovend Yo 8. 


Shvartsbart (Metallurg, 1960, (1), 25-27) Bi- 

metal ¢: TB-3 is composed of the active 

alloy N Kh2 with heat expansion coefficient 

of >20-10-*/1°C and of the ert alloy N36 
1 


with a coefficient of >1-5-1 °C. The pro- 
cess has gone beyond the experimental stage 
ee meee 

Aluminized and 


pee: E. A. Ai Brandes (Proft Binge Eng., 
1 » une 27, 31-33) processes are 
described and the effects on grain size and 
decarburization which influence mechanical 
PDeseatiocind tena 


Cees saien son of eamapen 

Pros G. A. Chilaev ( . 
00, (3), 39- pre Desh actian Be 

he service life of such elements is 


ice wgeeare | 


ting with AC of 220 amp are 
cele: The service life of restored 
an is increased by a factor of 5-6. 
Basic information on vibration hard surfac- 
ing A. Jurek and J. Lukskeke (Zeardnie, 1960, 
a sete {In Czech] The principles and 
the method of vibration welding, 
in which the electrode alternately approaches 
te development. . and present 
state of ite utilization on weld repairs in 
ae -Slovakia are reviewed.—P.F. 
re C. de Miguel Coll oo 
pe Elect 37, March-April, 59-64) A 
general — — of —s hard Cr plating 
with its advantages disadvan 
b given. Details of the tion for plating, 
and the characteristics of the plating baths 





and industrial ions. 

The of hard chromium in 
— R. Kermabon (Chrome Dur., 
1959-60 


15-32) The many uses of hard 
chromium in hydraulics have substantially 
improved turbine wear resistance. The type of 
the parts has been extended with consequently 
less frequent dismantling and replacement. In 
addition initial efficiency is tained for a 
much longer period. 

ee: metallization and hard chromium 

De Buyer (Chrome Dur., 1959-60, 
70-74) Spray-gun metallization can be com- 
bined with hard chromium plating to achieve 
results which would not be possible by either 
method alone. Spray gun metallizing is more 
suitable for thick replating of used machinery 
parts whereas hard chromium ge is to be 
preferred for surface hardening of friction 
surfaces. This article describes the interesting 
a obtained by combining these two 


metal coatings for abrasion, corrosion 
ant sxleation resetenes G. R. Bell (Brit. Weld. 
J., 1960, 7, May, 305-311) The development of 
nickel chromium-boride-silicate alloys and 
powders is described, and the powder proper- 
ties required for fee the technique employed 
in, successful hard plating are discussed. 
Results of corrosion tests are given, and new 
developments are mentioned. 


Hard tacing with plasma y guns E. A. 
Gerhold (Brit. Weld. J., 1960.9, 3 Men, 327-330) 
ee oe ing materials should be 

by utilizing the heat developed by 

plasma gas. This paper reviews the various 

Seathode of obtaining @ conditions suit- 

able for flame spraying and describes the 

Type MB. and operation of the new METCO 

B plasma flame ~~ gun and some of 

the i successfully sprayed by this 
equipment. 


The aupedition of titanium carbide coati 
on steel W. Ruppert (Metalloberflache, 1 
14, July, 193-198) After discussing the theory 
of the deposition of TiC from the gaseous 
phase on steel the author describes a study of 
the successful coating of a 2%C steel with TiC. 
The iron takes pee in the reactions by forming 
the volatile FeCl,, the adhesion of the coatings 
was good. The reaction requires a temp. of at 
least 930°C, Good coatings were also o tained 
on Cr steels and cast iron. The thermodynam- 
ies of the reactions involved are discussed. The 
rate of the reaction depends—at least at the 
—on the composition of the material 
to be coated, particularly ite carbon content 
(29 refs).—tT.@. 


Hard with ‘Stellite’ ge J. R. 
Gault (Brit. Weld. J., 1960, 7, May, 318-323) 
The author discusses the application of 
‘Stellite’ alloys b wy Spray Fuse and powder 
weld p t required, the 
properties of the eoeting. ‘and typical applica- 
tions for these methods are given. 

Seal (Prot aluminium to . Part i R. E. 

Seal (Prec. Met. Mold., 1960, 18, June, 45-47) 
the Al-Fin process a bimetallic casting of 
and steel a molecular bond 

between the two metals. A molten light metal 
alloy is cast against the prepared surface of a 
ferrous metal poy eastable Al or Me {in 
alloys can be nded to grey malleable an 

austenitic cast irons. carbon, alloy, and stain- 
less steels. A full account of the process is 
given. 





POWDER METALLURGY 
The ee -“ the Somes 


ee CGrecho-Siovakia 
etrdiik Ceo y 000, 10, (3), 111- =118) The 


ipal features of the de lopment of pro- 
dnction and and research are surveyed.—?.F. 


F. Niafiez 
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eae ee ete. Sea 
sessing remarkab jes, including out- 
pee of high veles ae coercive field, 
great ric sensitivity, and low cost. The 
temp. of the size of 
and of min Fe prea in the mixture of the 
upon the magnetic properties 
of the magnets, and other wget can including 
stability of magnetism against external influ- 
ences, temp., and the magnetic fields, are 
a —8.H.-8 
and tuture of powder metallurgy 
ll (Prec. Met. Mold., 1960, 18, June, 
as) The writer gives a brief statistical illustra- 
tion of the growth of powder metallurgy in the 
USA as evidenced by the distribution of iron 
powder consumption and the rise in US ship- 
ments of iron powder, copper, iron, and stain- 
less steel powders are all expanding fields. 
in homogeneous during 
G. Matsumura (Rep. Gov. Ind. Rea. 
Inst. Nagoya, 1960, 9, March, 114-119) The 
neck between two sintered particles i is shown 
to produce considerable segregation in certain 
cases in a completely homogenized solid solu- 
pe The tn om are non-ferrous. 


meh the H-iron process 
G. oO Korian ( ISI Reg. Tecn. Meetings, 1959, 


287-302) The method used for producing 50 t 
of iron powder daily by direct reduction and 
use of the Hydrocarbon Research Inc. fluid bed 
technique at the Conshohocken, Penn. plant of 
the Alan Wood Steel Co. is described and some 
of the mee rote te of gener are indicated. 


Designing a ea parts (Mach. 
Des., 1960, 32, July 7 rat oar A general 


account of the design, production, and proper- 
ties of iron, copper, and other powder sinter- 
ings including bearing materials and gears. 
Guide to fing wder 
Talmage and H. L. Kee (Prod. Eng., 1960, i, 
July 25, 56-59) Choice of materials, techniques 
for different structures, priority, and the sin- 
tered os = ° oe 
com m (for steel gears) is exemp 
New powder rolling process S. Storchheim 
(J. Met., 1960, 12, h, 225) Powders are 
rolled in @ conventional or vertical powder 
rolling mill in such a way that strip is obtained 
with almost 100% theoretical density. Applica- 
go tooo for 
presses 
Se So oan ee eae 
I. Raznikov and E. I. Bobrov (Svar 
Proizv., 1960, (2), 29-30) A — burner is 
described for depositing me n the interior 
surface of sleeves for presses in. a CO, atmos- 
phere. It is in use at the Kamensk-Uralsk 
works for non-ferrous metals. It operates with 
@ special hine. The chemical composition 
of some wire metals is given. 


pit hhee, CERMETS, AND 
"“aaeant 





kinetics of cermets in the presence 

mer rip B. Cech (Hutn. Listy, 1960, 15, 

ret 37-292) The contraction of various car- 
bides and borides was studied in a vacuum 
apparatus during sintering, liquid phases being 
present. It is shown that present models of the 
sintering process considerably oversimplify 
the reactions occurring. Some of the variables 
affecting the sintering such as the adhesion of 
the liquid to the solid are not generally allowed 
for, =. they are of considerable import- 


* Line-width and some re Wenes (en of 
yy m Ni_._»Cu.Co,Fe,0, R. Wadas (Bull. 
Polonaiee’ Sei, 1960, * 8, (5), 241-243) 


Cine nclish) in Ni-Cu-Co ferrites R. Wadas 
(Archiwum Elektrotech., 1960, 9, (2), 333-354). 


PROPERTIES AND TESTS 


Mechanical properties of SAE-8135 steel 
tempered and converted with more than one 
microconstituent T. Cescon (Bol. ABM, 1960, 
16, April, 359-373) The variations in mechan- 
ical properties of $135 steel when submitted 
to tem: and converting in different con- 
ditions are described, and variations in their 

ies are explained by an interpretation 

ei microstructures.—8.H.-8. ' 
nvestigating internal friction in metal- 
ceramic substances. 111. Effects conditioned by 
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my hoe mers . Ya. Pines and Den Ge 
Test patents - ir Senos oa meme co 
was com: 

powders of electrolytic Cu (99-99% purity), 
carbonyl Fe and Ni, also of 99-99% purity. 
The grains were all of similar size, less than 
53 p, and the working lengths of the aj ee 
70 mm with 3x 3 mm cross-section. Internal 
friction tests in vacuo (10-*-10-§ mm) were 
carried out on a torsion —— operating at 
@ frequency of 102 c/s. Temp. were measured 
to an accuracy of +1°. Two maxima were 
observed in the curves for internal friesion and 
one deformation against temp. The first, a 
temp. maximum, appears also in annealed 
specimens and is due to diffusion of a viscous 
nature along grain boundaries. The second, 
high temp. maximum, first observed in this 
investigation in Cu and Ni, is due to the plastic 
deformation and obviously related to the dis- 
locations. The position of the second maximum 
slightly towards lower temp. and its 


t increases with an rate of 
pieseie deformation. 
The of steels 


and alloys under pressures 
} bow es pochkin (Fiz. Met. Metalloved., 1960, 
(2), 05) A series of experimental findings 
is tabulated and also presented graphically. 
From it may be seen that in all materials 
investigated a considerable increase in the 
resistance to shear stress is observed under 
hydrostatic pressures. Even when pressures of 
the order of 10° kg/cm?* are not only is 
no tendency towards the damping of this 
resistance observed but on the contrary the 
resistance increases at a greater rate. 

Solubility of carbon in of iron with 
chromium and silicon P. V. Gel’d and M. 8. 
Petrushevskii (Fiz. Met. Metalloved., 1960, (3), 
473-475) The solubility of carbon was investi- 
gated in these alloys at 1 700°. The experiment- 
al melts were carried out in an atmosphere of 
well purified argon in covered graphite cruci- 
bles; Tafter holding for 1 h, the alloy was put 
into water, crushed, and analysed. Tables have 
been drawn up showing the effect of Cr and Si 
on the solubility of carbon. The reduction of 
the solubility with increasing Si content is 
conditioned not only by the strengthening 
(and saturation) of the metal-silicon bonds, 
but also by a decrease of the distances between 
the particles and a reduction of the free 
volumes, both of yo wane are essential conditions 
~ solution to take yy sa 

aS he strengt hard alloy 
reamers working on cast iron Chou Tsya- 
bao (Vestnik. Mashin., 1960, (4), 58-60) The 
chemical composition "of the cast iron was, 
total carbon 3-06% with 0-71% free C; 
1-59%S8i; 0-96%Mn; 0-153%P; and 0-066%S8. 
Mechanical ee UTS 24-3 kg/mm’; 
pew i strength 84-6 kg/mm*; 
h 0-21 kg/em*, and 
195-210 Hz. The investigation was carried out 
on machine type 2135 with a travel of 50 mm 
after countersinking. Standard reamers used: 
22-25 mm type ‘FREZER’. All results are 
tabulated. 

The resistance of the chromium_nickel steels 
te deformation M. A. Zaikov (Izvest, VUZ 
Chern. Met., 1959, (11), 63-72) Special experi- 
ments are described of tensile loading, shrink- 
ing, and rolling different types of Cr-Ni steels 
in the temp. range of their stable phase com- 
position, i.e. from 600 to 1150-1200°. The 
experimental temp. was obtained by cooling 
the specimens from the temp. at which a hold- 
ing time of 10-15 min was required to even out 
their structure. The eters of the depend- 
ence on the temp. of the monoaxial resistance 
to deformation and the carbon content; of the 
resistance to deformation and high temp. etc. 
are tabulated. 

Fractographic assessment of q of steels 

K. Stransky ( 

1960, 8 (4). relation be — study was 
made of the relation tween t © ap 
of fracture surfaces in Re testa, 
and variables such as the chemical composition 
and the technology of tempering and melti 
of carbon steels used for castings. Altho 

examination is somewhat sub- 
jective, it is shown nevertheless to provide a 
Tapid and important means of assessing steel 
quality.—?P.F. 








Seaeabev (feeod (Zavods, Lab. 190 1960, (5), 5608-200} 


The fatigue limit of steel for reinforcing con- 
crete in periodic sections must be measured on 
actual bars and not on fiat specimens. An 
eccentric ram impact machine for the purpose 
is described. 

A new hardness number and Meyer con- 
stants for steel M.S. Drozd (Zavods. Lab., 1960, 
(1), 90-93) The new hardness number ‘deter- 
mined by means of a ball test does not depend 
on the conditions of the test but reflects the 
physical basis for the relation between the load 
on the ball and the dia. of the indentation, 
identical with Meyer’s rules. Meyer’s constants 
@, n, and a are identical functions of the new 

number H and may be ed 
for any steel from the hardness readings. 

Regarding certain rr: of thermal treat- 
ment on the hardness of steel Yu. M. Ivanov 
(Fiz. Met. Metalloved., 1960, (5), 797-800) The 
variations in the hardness values during the 
heat treatment of metal have an activation 
origin. At the basis of the temp.—time relation 
of the hardness of solid bodies lies the activa- 
““Repusoies tor te Son bovutignten of 

wear 
and ue of steel V. T. Sharai (Zavods. Lab., 
1960, (2), 241-242) A description of an appar- 
atus evolved at the Kiev Institute of the 
National Air Fleet is given. It has a range of 
30-7000 rpm to investigate cylindrical speci- 
mens 17 mm dia. at a peripheral speed of 
0-027 to 6-2 m/s., and 12 mm dia. at 0-015 
to 4-4 m/s. 
A method of investigating the effect 4 


on the mechanical 

steel L. P. Kopp (Zavods. Lab., 1960, (3), 
310-312) The method 9 lained permits the 
recognition of a relation between mechanical 
properties and hardness, thus avoiding the 
effect of the non-uniform deformation in the 
ion of the specimens. The method is 
similar to that of Wilkes, Avery, and Cook 
(Trans. ASM, 1947, 38, 437) The specimens 
consist of special —— which after heating 
to the desired temp. are quenched in water at 
Se eahh & prepestiaaning, oud phd. pat 
it 0} proportio: ty, yield point 
fall with increasing distance from ‘the > quenched 

end, while UTS r ins almost « 





of austenitic boiler steels type 
1KMSNiST Ele 695P and Et 257 I. N. Lagunt- 
sov and V. F. Zlepko (T ‘ika, 1960, 
(4), 38-42) EI “eoor has the most stable struc- 
ture and EI 257 the least. All these steels 
change their initial properties with ageing. The 
coarsening taking place in the process does not 
reduce the im —_ strength to critical values 
for any padiodn of service. During the initial 
period of ageing heat-resistance, impact 
strength, structural stability, physical proper- 
ties, and the tendency to iaaeoer pe ne 
corrosion alter more intensively than they ‘do 
later. The c in the electrical resistance 
may be used for controlling the structural 
alterations during agei 


cones. 

Influence of mass o ; eee Pee 
of cast steel J. F. Wallace (WAL 311/17; 
PB fina og Feb., pp.58; from US Govt. 


Res, Rep., 1960, 33, Supplement, April, 123; 
no shteest). 

Metallu testing of boron steels ©. L. 
Dotson and J. R. Kattus (WADC TR 53-439; 


PB 129526, 1954, Oct., pp.248; from US 
Govt. Res. Rep., 1960, 33, Reeglemant, April, 
122; no abstract). 

Metal-testing machines and instruments 
(Iron Steel Rev., 1959, 3, Aug., 25-31) Very 
brief descriptions of various Russian hardness, 
impact, tensile fatigue, and spring testing 
machines are given. 

Mission of IRSID in research activities of the 
French iron and steel ind M. Allard (Teteu 
to Hagane, 1960, 46, Jan., 54-59) The work of 
the Institut de Recherche de la Sidérurgie, and 
associated bodies, is surveyed.—x. 5.3. 

A.N.C.C., A.8.M.E. and Swedish Standards 
for the of pressure containers of 


sheets covered with stainless 

(Aceiaio Inossid, 1960, 26, (6), 261-270). 
Toughness of metais B. H. D'Entremont 
(M4. Constr. Méc., 1960, 92, June, 483-489) 
Bi-axial compression stresses, tri-axial tensile 


ABSTRACTS 9% 


stresses, Mohr’s circle, the intrinsic curve of 
the yield point, the mechanics of rupture, 
brittle metals, and tough metals are briefly 
discussed. (July, 539-546) A comprehensive 
review: including rupture through increasing 
stress; through impacts and alternating 
stresses; also composite materials, — 
case-hardening, triplex steel, stainless pla 
steels, and metallic armatures (carcasses). 
Bronze brazing is discussed and a table of test 
results mo aye by the 2O0F _Universal 
Static hi von | and 15 
different ae aa is presen 

On the alloys i F Uemura (Bull. 
JSME, 1958, a AN 7-13) In part I, fracture 
criterion, two ‘types of fracture, (1) shear, 
(slip, ductile), and (2) cleavage (tensile, 
brittle) were analysed and compared, the two 
major effects on fracture, triaxiality of stress 

plastic strains preceding fracture being 

formulated mathematically. In Part II, tensile 
fracture tests were made on mild steel cylin- 
drical bars having circumferential hyperbolic 
notches. Various fracture behaviours are ex- 
plained and notch brittleness is discussed, 


Beveiogments in —* 1 ati 
H, R. Miller and E. B. Friedl (Plating 1068 


417, May, 520-527) The electrographic printing 
method for evaluating porosity and ae 
protective-coating systems on metals is 
cribed and illustrated. Electrographic printing 
makes use of a small direct current to transfer 
ions from the base metal through discontinui- 
ties in the coating to a chemically-treated dye- 
trensfer paper. Colour changes in the paper 
precisely locate cracks and pores in the coating. 

On the elastic behaviour of materials A. Giet 
(Compt. Rend., 1960, 251, July 18, 327-329) 
Work with a double pendulum apparatus is 
briefly described. Steels were ineluded. 

Tracing of surface defects on steel 
by means of artificial blowholes K. Kajiyama 
(Tetsu to Hagane, 1960, 46, Jan., 25-29) 
‘Seamy’ defects on round bars and sections 
tend to appear on most of the parts which 
© mete, with the wider side of the rectangu- 
lar cross-section of the ingot, and their develop- 
ment is greatly affected by the initial roughing 
conditions.—x. EB. a 

Investigating i friction in metal- 
connie tobattacen, 1 The Cu-Ni-Fe ternary 

B. Ya. Pines and Den Ge Sen (Fiz. 

et. Metalloved., 1960, (1), 86-90) The teste 
were carried out under torsion cycles on pow- 
der specimens of this mixture. Six maxima 
were observed on the temp. curves for internal 
friction, apparently due to the diffusion of 
atoms along grain boundaries. Three of these 
a correspond to the contact processes 

tween similar grains and the three others to 
contact between different grains. The temp. 
corresponding to these peaks agree with those 
found in the three binary systems composed of 
these elements. 

An internal friction peak due to slow moving 
dislocations in iron alloys R. Rawlings 
and P, M. Robinson (Acta Met., 1959, 7, Oct., 
659-663) A small peak in the internal friction- 
temp. curve has been observed in Fe-N alloys 
close to the Snoek peak. Evidence is put for- 
ward suggesting that this peak is due to slow 
moving dislocations.—a.G. 

Room-tem ure recovery of internal fric- 
tion and constants in 
steels C. E. Beaulieu, A. Dubé, and G. Letendre 
(Trans. Met. Soc. AIME, 1960, 218, June, 
558-566) An experimental study has been 
made of the time dependence of internal fric- 
tion and modulus of rigidity in freshly quench- 
ed steels at room temp. The effects of fre- 
quency, composition, and various thermal 
treatments are given. The kinetic laws ob- 
served cannot be fully explained by the so- 
called first stage of tempering and the trans- 
formation of retained austenite. It is suggested 
that the observed phenomena are due to the 
progressive a ilization of dislocations 
introduced by the martensitic transformation. 


Dislecations in metais. and ed 
tions A. Roos (Mé. Constr. Méc., 1960, 92, 
July 517-628) A review of distortion, rupture, 

dislocation in crystalline structures, 
eovering distortion during tensile tests, the 
influence of impurities, the interaction of 
defeets and dislocations, and the effects of 
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strain . Mott and Nabarro’s theory is 
compared with that of Orowan, and the use of 
examination and its applica- 


tions is discussed.—s. #.-8 


Microscopical of dislocations 
M. Doi and J. A. Cintra (Bol. a 1960, 16, 
July, 519-555) A review of the ations 
made in the literature, and a Ginette of 
them, is presented (42 refs).—r 

faults in iron-manganese and 
J. 8 borough (Acta Oryst., 


cobalt 
1960, 13, ete 603-605). 
disorder in 


ye a oe order and 
yee, ‘ Seybolt (Trans. Met. Soc., 
ME, 19 


60, 218, June, 570) The ibility 
of coexisting order pius disorder in Fe,Al was 
investigate i by subjecting a wire of 22; at- %AI, 
balance Fe, and 0-0513 em in dia. to electrical 
resistivity measurement in @ vacuum as a func- 
tion of temp. between 300 and 800°C. The 
result was not conclusive and the ion of 
coexisting order plus disorder in Fe,Al must be 
considered tentative until confirmed by high 
ar os X- oe examination. 


in Fe, Al R. Feder and 
n Ween oc tay (Phil. ie. 1960, 5, April, 343- 
353) Resistance ainane due to thermal treat- 
ment of Fe,Al have been measured and the 
annealing kinetics analysed, when it was found 
that increase in long-range order caused a 
e decrease in resistance and that the rate at 
which ordering occurs is a function of the 
initial quenching temp. All curves were fitted 
to the standard rate equation giving an order 
of reaction n=2-2 for specimens quenched 
from 620°C and n= 1-5 for those quenched from 
530°C. The activation energy from resistivity 
kinetics was much lower than the mean activa- 
tion energy for diffusion.—s. H.-s. 
internal stresses in hardened an. hardened- 


and-tempered hollow steel cylinders H. Biihler 
(Stahl Eisen, 1960, 80, Aug. 4, 1088-1089) The 
author summarizes the results of recent 
measurements of the internal and residual 
stresses in stepped hollow steel cylinders after 
various types of heat-treatment. It is shown 
that in large forgings for turbine shafts and the 
like the distribution of the internal stresses 
after heat-treatments depend on the outside 
dia. if the inside dia. is uniform over the whole 
length. In the thicker parts, high tensile 
stresses were found at the inside wall whereas 
in the thinner parts these stresses were almost 
nil. To reduce the risk of crack formation 
duri hi it is reec ded that the 
outside should be machined first out then the 
berehole.—-T.a. 
uid iron 


Activity of i ha in 
alloys 1D. Dutil and J. Chipman (7'rans. 


Met. Soe, AIME. 1960, 218, June, 428-430) 
The equilibrium of gaseous H,O-H, mixtures 
with liquid Fe—P alloys in the 1 range 0-3%P is 
used to establish the increase in the activity 
coefficient of oxygen in the pectenee: of phos- 
phorus. Two different ng t 8 are 
used 








Thermodynamic interaction parameters of 
elements in liquid iron M. Ohtani and N. A. 
Gokcen (Trans. Met. Soc. AIME, 1960, 218, 
June, 533-540) Thermodynamic interaction 
parameters of elements ¢€, for dilute binary 
solutions of a component ‘2’ in liquid iron, i.e. 
€,%= 8 In f,/5 N,, where f, is the activity 
coefficient end: N, the mole fraction, and €,% = 


8 In f, 
<> for dilute ternary solutions of ‘2’ and 


dN, 
? i the carbon saturation parameter 
3 In f, 
(°..(=5 ) xe for NO are critically 
* 3 Fy NFe 


examined and correlated. It has been found 
that the interaction parameters and the atomic 
numbers of alloying elements follow regular 
periodic patterns. 


ations of carbon in qua ren 


iron Sui Tsen- 
tai, A. Yu. Polyakov, ona A. M. Samarin 
(Ievest. VUZ Chern. Met., 1969, (11), 3-12) 
From measurements, in vacuo, of the rate of 


vaporization of iron in liquid alloys of the 
Fe-C system, the numerical value of the 
activity of carbon between 1550 and 1600° 
has been deduced, for all concentrations. It has 
been established that solutions with low carbon 
content (up to N.® 0-05) show weak negative 
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deviations from Raoult’s law, and those with 
concentrations above this figure, up to satura- 
tion, show positive deviations. Alloys with low 
carbon content show only a weak tendency to 
chemical interaction while in alloys with 
higher concentrations forces predominate 
which repel the carbon. These forces increase 
with increased carbon concentration. 


Application of spore heer A ation 
bo 4 a ween fg Yr” 


multi-component 
A. Gokcen (Rev. Mét. Mém. Sci., 1960, 57, 
April 261-264) The expression In y,/y,=Ax, 
is derived from the Gibbs free energy equation, 
where y, represents the activity coefficient of 
the etightly soluble gas, y, that of the ovm- 
ponent 3, x, the molecular fraction and A a 
constant. By means of this equation the 
activity coefficients of the metals in binary 
systems can be determined from the gas solu- 
bilities, or it may be used to determine the gas 
solubilities. Examples are given (20 refs). 
pure shear, 
compression in the domain 
Y. Sato (Bull. JSME, 1959, 2, Feb., 107-118) 
Experimental work on mild steel, Al, and 
brass is described and the results are compared 
and discussed, with the conclusion that stress- 
strain relations between tension and compres- 
sion are the same, and those between pure 
shear and tension are not the same, stress 
under pure shear being about 14% higher than 
that under tension in all plastic domains. 
shear fracture in 
F. A. McClintock (AFOSR 
TN-57-450; PB 129554, 1957, July, pp.29; 
from US Govt. Res. Rep., 1960, 33, Supple- 
ment, April, 121; no abstract). 

Plastic deformation in simple tension, a 
tical wences P. Azou (Rev. Mét. Mém. 
Sci., 1960, 57, June, 481-491) The phenomena 
encountered in simple tension are examined, 
together with the mathematical representation 
of the experimental curves obtained. The 
mechanism of simple tension is considered 
(23 refs). 

The tensile a of some neering 
materials at moderate rates of m R. F. 
Steidel jun. and C. E. Makerov (ASTM Bull., 
1960, July, 57--64) Cold-rolled steel and non- 
ferrous metals were tested with a standard 
Baldwin machine and with a modified Charpy 
impact tester arranged to eliminate bending. 
Yield strength increased with strain rate in all 
cases, but most for the steel, 72-9%. 

Exhaustion of ductility of E-steel in tension 
following compressive prestrain D.C. Drucker, 
C. Mylonas, and G. Lianis (Weld. J., 1960, 39, 
March, 117s-120s) It was found that pre- 
compression generally caused a considerable 
reduction in ductility of tensile specimens. 

Yield point on the rate of strain. its 
theory Y. Nakagawa (Bull. JSME, 1959, 2, 
(8), 501-503) A new theory and equations are 
presented based on a rheological spring- and 
wee -pot model.-—s. #.-s. 

co nm between e 
Nakanishi s theory on the 
under ure Y. Sato (Bull. 
JSME, 1959, 2, (8), 504-508) Tests are des- 
cribed and discussed which claim to justify 
Nakanishi’s new theory on the yield-point of 
mild steel, concerning the relation between 
pressure and strain, as well as the stress at the 
yield point ena the whole range of y. 


Yield behaviour unplasticised polyvin 
chloride (P.V.C.). chee with yielding of ver mila 
steel Y. Nakagawa and 8. Okuda (Bull. 

JSME, 1959, 2, Feb., 97-102) In two steps, 
initial yield being followed by progressive 
yield, comparison was made with upper and 
lower yield-points in mild steel. Yield was 
affected by speed of stretch Va, the yield 
strain being S and velocity of propagation of 
the plastic wave front being C: Var-Ce. While 
these analogies may have a bearing on the 
yield behaviour of mild steel, it is also suggest- 
ed that this approach may be applied to 
thermoplastics such as polythene es nylon. 

Destructive tests on of steel struc- 
paren L. Finzi (Construzioni Metal, 1959, (5), 

Laprmeed .8) The reasons in favour of carrying 
out bi ing tests on prototypes of steel struc- 
tures are discussed. Test equipment is des- 
eribed, details of operational methods and 
reports on tests are given. 


ments and 
point of mild 
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areal specimens. of we mage yl oy U.T.S. on cylin- 
mens a ag pipe joints D. A. 
Pomazan ( Lab., 1960, (4), 483- ae 
Cnlusdeteal epeate specimens with ends of larger dia 
were compared with the normal flat s imens, 
also with enlarged ends, in tests for yield-point 
and UTS. The scatter of plots fluctuated 
between 0 and 2-5 kg which can be explained by 
the inaccuracy of the specimens and by the 
different degrees of work-hardening they have 
sustained. The advantage claimed is that the 
cylindrical specimens are about half the weight 
of the flat ones. 

The kinetics of the plastic deformation and 
failure of steel in bending I. A. a oy 
E. M. Shevandin (Fiz. Met. Metalloved., 

(1), 133-139) The specimens were a ae 
SXL-1 steel. In the testing of notched speci- 

mens the first macrocracks of the order of 
0-2-0-3 mm appeared at the notch long before 
the load attained its maximum value. The im- 
portant role played by the elastic energy 
contained in the stress system has been 
demonstrated from a comparison of diagrams 
for bending and tensile loading. It has also 
been shown that the first cracks appear, with 
bending, in the surface layer where a three- 

dimensional stress system acts, and they then 
continue to develop in depth. 

T reinforcing bars T. Wyss, 
G. Morini, and B. Bernardi (Schweiz. Arch., 
1960, 26, June, 221-232) The bending beha- 
viour of reinforcing bars—particularly profile 
bars—was studied with respect to SIA speci- 
fication No.162, 1956. It is shown that these 
specifications are ambiguous and do not allow 
a sufficient appraisal of the bendability of 
reinforcing New requirements for 
amendment of these specifications are sug- 
gested.—T.a. 

Tensile testing of materials at impact rates of 
strain J. Harding, E. O. Wood, and J. D. 
Campbell (J. Mech. Eng. Sci., 1960, 2, June, 
88-96) The techniques used in the construction 
of dynamic tension- testing machines are 
reviewed and the problems involved in obtain- 
ing reliable tensile stress-strain curves at high 
strain rates discussed. A new apparatus 
designed to give accurate stress-strain curves 
in tension at strain rates of the order of 1000 
per sec is described. Some experimental results 
obtained with this apparatus are presented 
both for materials that exhibit a definite yield 
point and for those that do not (23 refs).—r. a. 

A new fracture test for alloy steels D. L. 
Newhouse and B. M. Wundt (Met. Prog., 1960, 
78, July, 81-82, 166, 168) A brittle boundary 
layer is produced in laboratory test pieces by 
nitriding impact specimens. In this way frac- 
ture toughnesses and appearances similar to 
those of large notched discs are obtained. 

Studies of load-time relations under the 
Ch impact test. 1. On the transition tem- 

res of mild steel S. Sakui, T. Nakamura, 
and M. Omori (Tetsu to Hagane, 1960, 46, Feb., 
140-146) Results are given for a killed steel 
containing 0:17%C tested in a miniature 
Charpy machine. The transition temp. is very 
sensitive to the heat-treated state, e.g. it is 
—70°C for 700°C annealing but 10°C for 800°C 
annealing. Specimens quenched from above 
the transformation point had no definite 
transition temp. A rapid increase in max. load 
with decrease of testing temp. was always 
observed in the transition temp. range.—K.E.J. 

The behaviour of malleable cast iron under 

stressing K. Lohberg and H. G. Trapp 
(Gresserei, 1960, 47, June 2, 283-287) Results 
of comprehensive impact tests on white heart 
and black heart malleable cast iron were 
evaluated statistically. It was shown that the 
impact strength is dependent on the alloy 
contents (Si, Mn-S ratio) and structure (pro- 
portion of pearlite and amount and form of 
temper carbon). 

Effect of residual aluminium on srapaet 
toughness of steel at low temperatures 1. 
Rabinovich, M. K. Skul’skii, K. 
Biktagirov (Metallov. Term. Obra. Met., 1959, 
(3), 25-28) Effects of up to 0-02%Al were 
examined, including quality of deoxidation 
and method of Al introduction. The Al was 
determined spectrographically and micro- 
structures are shown. Cold-shortness depended 
on Al eontent and grain size. More rapid cool- 
ing gave finer grain and lower cold-shortness. 
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Critical cold-shortness temp. fell with increase 
of Al up to 0-02%. The impact strength at 0° 
to —40° with only traces of Al was negligible. 

K-factor for impact loading 8. W. Kegs 
(Product Eng., 1960, 31, Aug. 22, 53) A cor- 
rected formula taking into account the kinetic 
energy dispersed is given, with curves showing 
the value of this k-factor. 

Notch sensitivity in high-st h sheet 
materials G. M. Orner and C. E. bower 
(Weld. J., 1960, 39, April, 147s-159s) The 
significance of notch sensitivity, and tech- 
niques for its measurement are discussed. In 
particular, the application of the Charpy test, 
using standard V-notch specimens, to high 
strength steel and Ti sheet is considered. 

Cold P. Blain (Centre Doc. 
Sidér., 1959, 16, (8), 1801-1807) In cold work- 
ing the relative deformation, a dimensionless 
quantity, is the important factor. The relative 
merits of different formulae for determining 


the d of deformation are considered.—a.@ 
minary investigation of the emanation 
from cold-worked metals F. H. Vitovel 


(WADC TR-54-20, PB 130367, 1954, July, 
pes; from US Govt. Res. Rep., 1960, 33, 
upplement, April, 121; no abstract). 
alleable iron: fatigue and impact effects 
[Malleable Founders Society | (Mach. Des., 1960, 
32, Jan. 7, 124-126) Condensed from the hand- 
book Malleable Iron. 

Correlation of the alternating stresses re- 
quired to initiate and propagate a fatigue crack 
in mild steel N. E. Frost (Nature, 1960, 187, 
July 16, 233-234) A parameter for crack propa- 
gation under cyclic load (zero mean load) 
depending on the cube of the stress and the 
crack length is developed and is correlated 
with the plain fatigue limit. 

ctural observation on fatigue frac- 
ture of metals S. Owaku and 8S. Morikawa 
(Bull. JSME, 1958, 1, (2), 129-133) A brief 
description of the progress of fatigue fracture 
of mild and hard steels with illustrations of 
structural changes as the fractures develop. 


A study on the fatigue strength of carbon 
steels u — ae stresses T. Kori 
and 8. Sasaki (Bull. JSME, 1960, 3, (10), 281- 


286) A study in which an equation is derived 
expressing the relation between rotary bending 
stresses and the number of stress repetitions 
under multiple repeated stresses on two levels. 
Some experiments on fatigue life under di- 
axial and triaxial stresses Y. Kawada, Y. 
Sekido, and 8. Sasaki (Bull. JSME, 1960, 3, 
(10), 275-281) In tests on 0-07% and 0-25%C 
steels the fatigue life was prolonged by second- 
ary and tertiary stresses regardless of whether 
they were higher or lower than the primary 
stress. In a 0-47% high-carbon steel, fatigue 
life was shortened by secondary and tertiary 
stresses when lower than the primary stress 
but was prolonged when they were higher. 
Influence of rest in stress alternation on the 
fatigue properties of low carbon steel at ele- 
vated temperatures S. Taira, Y. Murakami, and 
R. Koterazawa (Bull. JSME, 1960, 3, (10), 
242-246) In tests on 0-15%C steel at 450° and 
300° with a frequency of alternating stress 
1500 cpm, the influence of rest on fatigue 
strength was found to be practically negligible. 
Influence of frequency of stress cycles on 
fatigue at elevated temperatures S. Taira and 
R. Koterazawa (Bull. JSME, 1960, 3, (10), 
235~241) Rotating-bending fatigue tests under 
constant strain amplitude on a 0-55%C steel 
and a 13%Cr steel at wer 450-600° and with 
frequencies of stress cycles of 170 and 1500 
epm are described, with characteristics similar 
to those of low-carbon steel studied previously. 
Fatigue at elevated temp., it is suggested, is 
closely related to plastic deformation of the 
material under alternating load.—s.#.-s. mn 
Cc in properties of steel caused a 
unpetiane uenching T. Sakurai, T. Kawa- 
saki, and Y. Kita (Bull. JSME, 1958, 1, (2), 
114-119) Tests on three carbon steels showed 
greater increase in fatigue strength with 
notched specimens than with plain, and reas- 
ons for this development are advanced and 
discussed.—8.H.-8. 


Non-propagating cracks in fatigue of metals 
M. Kawamoto and K. Kimura (Bull. JSME, 
1960, 3, (9), 41-47) A new hypothesis is 
advanced to explain the behaviour of non- 


propagating cracks. The relationship between 
the conventional fatigue limit for the initiation 
of the crack, the depth of the non-propagating 
crack, and the cubical fatigue strength reduc- 
tion factor are derived and discussed. It is 
considered that the material at the tip of the 
crack is stronger in the mass than at the sur- 
face. Theoretical values are in close agreement 
with those obtained under standard experi- 
mental conditions.—s.H.-8. 


Endo (Bull. JSME, 1960, 3, (9), 76-80) 
Fatigue tests of C steels were carried out at 
550° under rotating bending and repeated tor- 
sion in town’s gas to reduce oxidation. Fatigue 
strength was greater in gas than in air under 
low stress but corrosion fatigue due to oxida- 
tion was good in air at high temperatures. 
Under high stress strength was lower in gas 
than in air and the S-N curves intersect. It is 
considered that these observations may be due 
to H,-embrittlement resulting from H,O de- 
composition. Similar results occur in stress- 
rupture tests when the shape of the S—-N curve 
is changed under oxidative action, indicating 
the existence of an endurance limit.—-s.H.-s. 

Fatigue and dynamic properties of 
13 Gr steel at elevated temperature under com- 
bined stresses of static tension and alternating 
bending 8. Taira, RK. Koterazawa, and M. 
Inone (Bull. JSME, 1959, 2, (8), 508-513) 
Tests made under simulated service conditions 
on turbine blades, showed (1) alternate bend- 
ing stress superimposed on static tensile stress 
reduced fatigue life, (2) this combination does 
not always increase creep strain, and (3) the 
hardening effect of materials by stress altera- 
tion explains hindrance of increase in creep 
strain by alternating bending stress.—s.H.-s. 

Traction-compression fatigue tests on low- 
alloy steel test pieces nickel plated and then 
chromium plated J. Tigeot (Chrome Dur., 
1959-60, 59-69) Several series of tests on 
cylindrical-shaped electrolytically nickel and 
chromium plated Cr—-Mn steel are described 
which showed that the sub-coating of Ni under 
the Cr plating did not itself change the fatigue 
limit of the basic metal but did not reduce the 
unfavourable influence of the Cr plating on this 
fatigue limit. However in the case described 
the reduction in the fatigue limit due to the 
Cr plating was attenuated by heat treatment 
at over 200°. 
es crystal : oot pt 

ructure du 

high-temperature fatigue J. de Fouquet (Ree 
Mé. Mém. Sci., 1960, 57, March, 232-240) The 
influence of initial deformation in fatigue or in 
tension or preliminary polygonization on the 
development of crystal structure at elevated 
temp. is investigated; optimum conditions for 
grain growth have been obtained during 
fatigue stressing at 700°C, 

Fatigue h of a bar with a cotter hole 
H. Yoshitake (Bull. JSME, 1959, 2, May, 306- 
310) In rotary bending fatigue tests on bars of 
840C with rectangular cotter holes, experi- 
ments showed the notch-factor 8 of a bar with 
extruded circular hole to be approx. 1-45, 
while 8 of a bar with a rectangular cotter hole 
is 1-74, so that an extruded circular cotter hole 
is advantageous and is recommended for 
practical use.—s.H.-8. 

Fatigue life of metallic materials under 
varying repeated stresses of two different stress 
waves T. Nishihara and T. Yumada (Bull. 
JSME, 1958, 1, (1), 1-6) Soft materials, 
0-22% carbon steel and super-duralumin were 
tested under varying repeated bending of two 
bending stress waves and gave good agreement 
with equation Z;= 1/(1/N,+ 1/N,) through the 
whole range of A. For 0-61% carbon steel, 
failure due to fatigue was only caused by the 
first stress waves.—8.H.-8. 

Fatigue of induction-hardened test- 
piece with H. Nakamura, T. Amakasu, 
and 8. Ueda (Bull. JSME, 1958, 1, (3), 227- 
232) Rotary bending tests upon specimens of 
0-18%C carbon steel, some plain and some 
with cracks, in two cases, both non-heat 
treated and induction-hardened, are des- 
cribed. The fact that cracks produced do not 
propagate further is odiinned as a reason for 
the rise in fatigue limit in notched specimens 


ABSTRACTS 97 


of induction-hardened steel. Conversely the 
reduction rate of the crack is 4 ntly less in 
the reduction-hardened steel. These seemingly 
—— facts are discussed.—-s.H.- 8. 


of specimens with 

cracks H. Ouchida (Bull. JSME, 

1958, 1, (3), 233-239) Fatigue tests upon 

artificially cracked specimens of mild steel, 

0-45%C steel, 13%Cr steel, and Ni-Cr steel 

under rotary bending are described and results 

discussed, together with the effect of the shot 
pesning process upon cracked specimens. 


under rolling contact 

J. Akaoka and K. 

Hirasawa (Bull. JSME, 1959, 2, Feb., 43-60) 

A survey covering various specimens and their 

testing results, fatigue diagrams, and genera- 

tions and progress of cracks and affecting 

factors, followed by a brief summary of theo- 
retical considerations.—8.H.-8. 

Fatigue tests of metais at ultrasonic fre- 
5 J. Awatani and H. Miyamoto (Bull. 

SME, 1959, 2, Feb., 111-115) Equipment is 
described which is claimed to have an advan- 
tage over conventional fatigue machines, in 
that stress alternations up to 10° reversals can 
be made within ~Ih. Metal samples at the 
resonant condition were subjected to alternat- 
ing stresses above the fatigue limit by means of 
& magnetostriction transducer, through an 
exponential brass horn, and fatigue properties 
of various metals were investigated by this 
method, with water cooling to avoid temp. rise 
in the samples.—s.H.-8. 

Symposium on fatigue of weided structures: 
Foreword R. Weck (Brit. Weld. J., 1960, 7, 
March, 161) The objects of the symposium, 
and the scope of the papers presented, are 
discussed, 

A systematization of fatigue strength values 
of mild steel welds A. Neumann ( Brit. Weld. /., 
1960, 7, March, 162-168) Based on a quanti- 
tative formulation of Stizzi’s fatigue strength 
theory, a systematization of the fatigue 
strength values of all types of welded joints in 
mild steel has been developed. A great many 
test series were pects cen gene the aim of 
establishing fundamentals for calculating dy- 
namically loaded welded joints 

Fatigue strength of 
R, P. Newman (Brit. Weld. J., 1960, 7, March, 
169-178) The methods of fatigue testing of 
welded joints are discussed, and the factors 
that influence the fatigue strength of the 
various types of butt weld are considered. 
Typical data are quoted, both for comparison 
with design rules, and to show the spread of 
practical results. 

i strength of fillet welded joints in 
steel T. R. Gurney (Brit. Weld. J., 1960, 7, 
March, 178-187) The author compares, 
British, US, USSR, and West German design 
specifications, and considers the factors that 
influence fatigue strength in this type of weld. 
Work in progress on improvements is also 
mentioned. 

nereasi 


' the fatigue of butt- 
welded joints W. Gilde Drie Woke J: 1960, 7, 
March, 208-211) The use of plastic coatings to 


increase the bending fatigue strength of 
notched and welded specimens is described. 
The improvement may be as much as 75%. 
urgical of future research on 
ue of welded res W. 1D. Biggs (Brit. 
Weld. J., 1960, 7, March, 212-216) It is suggest- 
ed that experimental data on the effects of 
grain size and dispersions are needed, as is an 
examination of possible heat-affected zone 
structures and their notched fatigue character- 
istics. ; 


ammed fatigue testing of full size 
welded steel structural acsomnbiles J. G. Whit- 
man and J. F. Alder (Brit. Weld. J., 1960, 7, 
April, 272-280) A new fatigue testing machine 
which was ereeee for testing full size weld- 
ed structures, is described. Preliminary resulte 
of teste being carried out using this machine 
are given. 


— of welded joints in h-strength 
steels J. E. Stallmeyer and W. H. Munse (Brit. 
Weld. J., 1960, 7, April, 281-287) The fatigue 
st h of welded alloy structural steels is 
considered, as well as the various factors which 
affect this strength. Transverse and longitud- 
inal butt-welded joints and lengitudinal and 
tee-fillet welds are discussed. 
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Evaluation of laboratory studies for 
39, A M30'176s) Using welded bridges as 

1 5s) Usi i as 
an = aes quiher ousielns chem en 
tory may be used to the best advantage 
in the design of welded struct ibjected to 
periodic stressing. 





fluidized solids for heating 
described. The work is in a preliminary stage 
but has already given acne 
F fn 
J. A. Hult (A SR TN-51-448; PB 
129552, 1957, July, pp.16; from US Govt. Res. 
Rep., 1960, 33, Supplement, April, 120; no 
abstract). 


Eftects ot on low-cycle ot 
G. Sachs (WAL me 


PB 133937, 1957, Jan., pp.47; from US Govt 
Rea. Rep., 1960, Sh; Gipeleeees, April, 122; no 
abstract 


). 

Assessing the effect on the fatigue 
rea: of stee! G. 8. Krivenein (Zavods. 
Lab., 1 (3), 375-376) A modified four-roller 
friction machine suggested by Pavlov et al. 
(Collection M 
Ind. AN SSSR, 1958) cogubls of epplying 
specific of between 50000-75000 
kg/orm*® can assess rapidly the fatigue damage 
on a friction surface covered with poo cea 
greases. Altho there is a large scatter 0: 
results, a noe gas me te of the sc ag 
be . A formula is evolved for t- 
ing the pr Bare ee sare number of tests for a given 


The effect of the mensions of specimens on 
the -term strength of 12KhMF and 
TKHIGNI2T steels V. N. Gulyaev (Zavods. 
Lab., 1960, (2), 198-201) Up to 2500 h the 
long-term strength does pen Bl page on ~~ 
dimensions of specimens wi @ range o 
d=5 mm and 1=12-5 mm to d= 20 mm and 
1< 100 min. Neither does it depend, in tests to 
failure, on specimen dia. between 5 and 20 mm 
when constrictions form under moderate 
oxidation. A reduction of the dia. of 1Kh18- 
N12T steel from 10 to 5 mm was not reflected 
in the fatigue limit for 100000 h at 600° 
although a reduction in the time before failure 


"Potiges phenemees i metal structures 
in crane 
1. Balanesou (Met. si Constr. Masini, 1960, (1), 
55-59) The lack of standards for calculating 
fatigue makes it imperative that such stand- 
ards be immediately . ~ Tap comparison 
purposes Austrian an standards are 
mentioned as well as BISRA reports on this 
subject. 

oe" aie of the Locati method for board 
the of automobile parts C 
Daubertes, J. , M. Renout, and R. 
Cazaud (Rev. Mé., 1960, 57, April, 337-346) 
The value and accuracy of the control method 
proposed by Locati using one test piece only 
were demonstrated, and it is shown that the 
fatigue limit agrees substantially with that of 
the conventional long-time test at 5x 10* 
c 


Increased strength of carburized steel some 
Russian work W. G. Cass (Iron Steel, 1960, 33, 
March, 121-122) Work is described with the 
aim of explaining the nature of the fatigue 
strength of carburized steel; the residual stress 
of the carburized layer and its wear resistance 
with and without known residual stresses were 
measured (18 refs). 

Portable 


unit with autographic 
extensometer C. Wheatley and R. Grosvenor 
(Metallurgia, 1960, 61, May, 225-230) A creep- 
testing is described for both creep and 
stress-rupture tests. The machine is capable of 
prey he + chggendamte gp a ‘Ol-1 t 
rn cusegeegabealty. 7 The tenants tong. wp to 
sions au y. The furnace temp. up to 
1050°C can be controlled to within 1° ‘by an 


systems and autographic 
creep strain records and results of stress rup- 
ture tests are given.—.@. 


law for creep B. J. Rigby vy (Brit. J. 

Appl Phyo. 1960, 11, te duly, 281-283) A model 
is assed which gives the usual power law 
under constant load. 


Stresses of 

wave 8. Taira, K. Tanaka, K. Ohji, 
and I. Harumoto (Bull, JSME, 1959, 2, (8), 
513-520) Creep tests with 0-14%C stee steel at 
550° under a symmetric periodic 
stress wave gene ~~ “deforuation a 
varying stress with an 
error }10% by the ‘mechanical equation of 
state in the solid’.—s.1.-s. 


Eeeciws nae mean 
metals at with special 
reterence to y cree "C. Hoskin (Dept. 
of Navy, Office of Naval Research, Techn. Rep. 


No.7, 1958, Sept., pp.31) A review of the laws 
for the mechanical behaviour of a 
metal at high temperatures in the case of con- 
stant ambient temp. and uni-axial stress. The 
Andrade formula is examined for small strains. 
Laws for permanent strains and recoverable 
strains in primary creep are suggested. 
steel at room temperature H. Meyer 
(Stahl Bisen, 1960, 80, Aug. 4, 1084-1088) This 
is a summary of a thesis in which the effect of 
room temp. Fluctuations and the effect of 
stress variations on the creep behaviour of 
steel were studied. The experiments and their 
results are reported and shown in graphs. The 
results are explained in terms of dislocation 
theory.—t.«. 

Effect of stress reduction on seco creep 
of mild steel T. Nishihara, 8. Taira, K. Tanaka, 
and K. Ohji (Bull. JSME, 1959, 2, Feb., 102- 
— The behaviour of mild steel when stress is 

tly decreased for the secondary creep at 
ore is investigated and discussed, and is 
interpreted in the light of the authors’ theory 
of plastic deformation.—s. H.-8. 

The m of activation for 
Sept., pp.50; from US Govt. Res. Rep., 1960, 
33, Supplement, April, 121; no abstract). 

Creep properties of 18-8 chromium—nickel 
stainiess steel with titanium S. Terai (Tetsu to 
Hagane, 1960, 46, Feb., 151-156) Creep- 
rupture tests for some 10000 h were made with 
type 321 steel in two soln.-treated conditions 
at 600°, 650°, and 700°C. Differences in rupture 
and creep prope yperties are distinguished; treat- 
ment at 1200°C water-quenching gave higher 
rupture strengths than at 1050°C.—x«.£.J. 
vig f mechanism “= deformation of reeorenee er A... 

es special reference 

test S. Taira, K. 
Teneke, “a = Oni (Bull. JSME, 1960, 3, 
(10), weet gM The authors’ Poe theory of 
deformation, based on results of previous 
constant strain rate tension tests in 0-14%C 
steel at 450°, is here advanced further as the 
basis for a claim that it might be a general 
theory of deformation of materials at high 
temp., taking into account the effect of stress- 
and-temp. history.—s. #.-8. 


Some crankshaft failures: iwestiguiom, 
causes and remedies R. Atkinson and P. Jack- 
son (Trans. Inst. Marine Eng., 1960, 72, July, 


269-288, discussion 289-304) Failures of 
Doxford 750 mm crankshafts are investigated 





and r a 
tis of surtace layer of and M. M. 
Zavods. Lab., 1960, (2), 238) 


Thee; type a { sclerometer is described together 
with a —* of calculating data from its 


Shore hardness tester (scleroscope) of 
type D. Motion of hammer 7 Yoshizawa and 
Sekiya (Bull. JSME, 1958, 1, Nov., 386- 

390) The use of a slightly; modified "Shore 
scleroscope and the method of of measurement 
are described, the hardness values indicated on 
the hardness dial of the scleroscope com- 
pared with the h.v. calculated from the height 
of rebound of the hammer measured by the 
optical method, and the results of the investi- 


Oras ur tae ae —8.H.-8. 
Control of surface hardness carburized 
parts. The choice of the Rockwell 


stale H. Perez Vazquez 
1960, 67, May, s21- 
most suitable 
the Rockwe' 


nst. Hierro Acero, 
re oe Number) The 

determination of 
hardness of carburized parts 
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have been established experimentally. It was 
found that the surface hardness of the various 
carburizing steels reached the same order of 
magnitude so the investigation was carried out 
on the three most commonly used types of 
steel (F-154, F-155, and UNI 14CN45). Graphs 
of hardness against thickness of the hardened 
layer for the six different Rockwell scales were 
determined and summarized to indicate the 
minimum ease depth for which it is permissible 
to use each of them (19 refis).—r.s. 

Ball of tungsten carbide and of 
steel T. Yoshizawa (Bull. JSME, 1959, 2, 
Feb., 123-131) A comparison of the use of WC 
balls with steel balls in the Brinell and Rocke 
well hardness tests in both softer and harder 
metals is presented and analysed mathematic- 
ally.—-8.H.-8. 

indentations for electron microscope investi- 

N. 8. Alferova, A. I. Rizol’, and V. P. 

onovalov (Zavods. Lab., 1960, (3), 312-313) 
A special device is described able to receive 
pre specimens for observation in vacuo 
under the electron microscope of structural 
changes during deformation by bending. The 
specimens examined were of austenitic and 
pearlitic steels heated to 700°. Photographs 
with x 7000 magnification can easily be taken, 
and the indentations show the actual deforma- 
tion. 

On the relation between Vickers hardness 
numbers and the force angles of pyramidal in- 
denters T. Yoshizawa, and H. Nagao (Bull. 
JSME, 1960, 3, (9), 36-41) Forty-five test 
specimens have been examined and the data 
show that the maximum error on the Vickers 
hardness number is > 0-2-0-5% if the tech- 
nique described is followed.—s.u.-s. 

Studies on the microhardness of metals: The 
dependence of the indentation hardness on the 
load A. M. Shams el Din and N. Ibl (Schweiz. 
Arch., 1960, 26, June, 246-250) [In English] 
The authors review existing theories of the 
dependence of the microhardness on the load 
and point out that no theory explains this rela- 
tion satisfactorily. They propose a new theory 
eae ba a back pressure from the metal sur- 

Meyer’s law is corrected taking into 
account this material-dependent back pres- 
sure. The hardness is now defined as the 
effective load per unit indentation area. The 
results of hardness measurements on five 
metals were completely load-independent (18 
refs).—T. a. 

Dispersion hardening W. H. Meiklejohn and 
R. E. Skoda (Acta Met., 1959, 7, Oct., 675-676) 
The effect of the size and spacing of a dispersed 
second phase on yield strengt hn Bae been deter- 
mined for the iron-mercury system. The 
increase in yield stress was found to depend 
only on the volume fraction of the precipitate- 
and the associated zones through which dislo- 
cations cannot pass.—A.G. 

Hardness measurement of hard and brittie 

ngs K. Kirner (Z. Metallk., 1960, 51, 
July, 391-393) Samples ay 3 steel were hard- 
faced with layers of WC, O,, and W at a 
thickness of about 250 aod Wilsdeees beonea 
with an automatic Tukon tester and with a 
low-load hardness tester by Reicherter. The 


loads were varied between 300 and 2000 g, the 
lowest loads always gave the ho pag hai 
values. The results are presented in tables and 
graphs.—rt.G. 

Some aspects 


~ oes of mild steels T. 
Greday nese hy Roy. Belge, Ing. et Ind., 1960, 
April, 218-229) The article discusses first the 
structures of various steels after heat treat- 
pra ranging from rapid quenc i ae 
e effect of impurities an 
prance. on these structures is also poe iede 
Finally the preliminary results of the study of 
ageing after deformation by traction are given. 
The relationship between silicon content and 
strain ageing of ae steal F. Erdmann- 
Jesnitzer, I. and G. Wiinsche 
(Technik, 1960, 15, egy , 521-528) Five struc- 
tural steels con taining 6-0 ~0-44%8i were used in 
a study for the  sasneptibility to strain- 2 
by static and dynamic loading. It was = 
that Si retards strain he optimum Si 
content was around 30 Similar studies 
were conducted on P-alloyed steels, these 
showed a minimum in strain-ageing suscepti- 
bility at about 0-12%P (41 refs).—r. a. 








Heat resistant —_—. - og” ag mee 
steel strengthened by me Vinarov, 


M. F. Alekseenko, a, ~~ = cen (Jzvest. 
VUZ Chern. Met., 1969, (11), 83-87) P in 
austenitic steels iderable effici- 
ency of ageing. Results of investigations here 
po mange show a definite relation between 
ageing and P content when the proportion of 
Ni is small (7~—9°% ©) and when the steel, in its 
structural condition i is near to the boundary of 
austenite stability. The efficiency of ageing due 
to P increases in the presence of the $-p! 
but a Ni content of 18-19% cancels this fect, 
emper steels L, D. Jaffe 
(WAL. 801/1-4; PB 128953, 1949, Sept., pp.17; 





from US Govt. Res. Rep., 1960, 33, 33, Supplement, 
April, 123; no abstract). 
The brittle fracture behaviour of steel W. 


Radeker (Stahl Eisen, 1960, 80, Aug. 4, 1072- 
1083) Impact tests on a variety of steels of 
different origin and different ways of produc- 
tion at temp. between —190° and + 200°C 
showed that there exists only a very few groups 
of steels as regards fundamental difference in 
brittle fracture sensitivity. Impact strength is 
very often no criterion of sensitivity to brittle 
fracture as other factors such as ageing, change 
of hardness, etc., play an important role. From 
the tests, which are described in detail, it is 
concluded that the specific impact work for 
one specified temp. cannot be used as a criter- 
ion for distinguishing steels with respect to 
brittle fracture sensitivity. It is suggested that 
comparison be made of impact strengths of 
various types of test-pieces at a high and a low 
(critical) temp. for an appraisal of a steel for 
OF Test of incipient brittle rupture in reputed 
Test of rupture in \ 
ductile metals R. Pankowski- an Ga 4 
Homés, and J.-C. Bauwens (Compt. Sond. 
1960, 250, March 28, 2368-2370) A new test is 
on two simultaneous condi- 
tions: (1) tr max. >7*=Re/2, (2) and | grad +r 
max. | >C; + max. being the max. tangential 
tension; r* a threshold of this size, linked to the 
nature and state of the metal; Re the elastic 
tensile limit; C a constant depending on the 
nature, structure, temperature, and t of 
strain (single and slow, single and arp, 
repeated, etc.). A crystallographic mechanism 
for such a flaw is presented, with supporting 


perceoling Charpy specimens f the study 
Su mens for 

of te wrttibomens ). C. Buffum and F 
Carr (WAL 801/1"5 -5; PB 128239, 1950, jm 
pp-9; from US Gov. Res. Rep., 1960, 33, Sup- 

STeasend, April, 123; no abstract). 

Long-time te embrittlement L. D. Jaffe 
and D. C. B (WAL 801/1-12; Fac 
127579, 1953, Sept., pp.12; from US Govt. Res. 
Rep., 1960, 33, Supplement, April, 123; no 
abstract). 

Retrogression of temper brittleness 1. D. 
Jaffe and D. C. Bufture (WAL 801/1-6; PB 
127548, 1950, April, pp.11; from US Govt. 
Res. Rep., 1960, 33, Supplement, April, 123; 
no abstract). 

isothermal temper embrittlement of SAE 
3140 steel F. L. Carr and N. Goldman (WAL 
801/1-11; PB 127578, 1952, May, pp.18; from 
US Govt. Res. Rep., 1960, 33, Supplement, 
April, 123; no abstract.) 

mt... effect of various heat treating cycles on 

brittleness L. D. Jaffe and De C. Buffum 
. L 801/1-8; PB 127575, 1952, Feb., pp.20; 
from US Govt. Res. Rep., 1960, 33, Supple. 
ment, April, 122; no abstract.) 

Effect of microstructure upon temper brittle- 
ness D. C. Buffum and L. D. Jaffe (WAL 
801/1-9; PB 127577, 1952, May, pp.9; from 
US Govt. Res. Rep., 1960, 33, Supplement, 
April, 122; no abstract). 

Effect of hardness on the level of the | 


pm J curve for “¥ a brittle and 
L. Carr and Goldman (WAL ag 
10; PB 127576, 1952, Jan., pp.11; from 


Govt. Res. Rep., 1960, 33, Supplement, April, 
122; hah gy ee 

Effect of hardness on brittleness 
D. C. Buffum and L. D. caffe (WAL 801/1-7; 
PB 127595, 1951, Jan., pp.8; from US Govt. 
Res. Rep., 1960, 33, Supp ement, April, 122; 
no abstract). 


Effect of grain size upon brittleness 
L. D. Jaffe and F. L. Carr (WAL 801/1-3; PB 


127574, 1952, March, pp.17; from US Govt. 
Res. Rep., 1960, 33, Supplement, April, 122; no 
abstract). 

Study of the cold brittleness of piain on 
mild steel. 111. Fracture c' 
sile test of plain carbon mild steel S. Nokanieni 
(Teteu to Hagane, 1960, 46, Feb., 146-151) 
Normal and V-notched tensile specimens were 
tested, and the directionality of tensile 
strength, elongation, and reduction of area 
studied. The results are explained in terms of 
plastic deformation necessary for brittle frac- 


ture. Air-cooled specimens were more ductile 
than furnace-cooled (10 refs).—«.8.3. 


Hydrogen absorption and embrittlement pro- 
duced in iron by electrolytic c ng W. 
Raeczynski and M. Smialowski (Bull. Acad. 


Polonaise Sci., 1960, 8, (4), 209-214) [In 
glish}] Iron and mild steel wires, cold drawn 
annealed at 800° in H, for 1 h were used. 

The degree of cold work required was applied 

by further drawi in vacuo. Electrolytic 

a was cumiel out in 0-4~ H,SO, with 

0-01 As,0O, and embrittlement was ob- 

served in a torsion test. It was shown that H, 

distribution was not uniform across the section 

and evidence of three forms of hydrogen 
inclusion was found. 

Hydrogen-embrittiement susceptibility of 
some steels and nonferrous alloys J. E. Srawley 
(NRL Report, 5392; PB 151937, 1959, Oct., 
pp.25) The criterion of embrittlement sus- 
ceptibility used was the ratio of the lowest 
nominal stress at which an H,-charged notched 
tensile specimen fractured within 100 h (the 
‘static-fatigue limit’) to the notched tensile 
strength of the uncharged material. Of the 
ferrous materials tested, only cold-rolled 
AISI type 304 stainless steel was not sus- 
ceptible; in general hardenable steels harder 
than Rockwell C 30 were very susceptible, 
with one exception (12 refs). 

The embrittiement of metals by hyd . 
Influence of the crystal and on 
structure P. Blanchard and A. R. Troiano 
(Ref. Mét. Mém. Sci., 1960, 57, June, 409-422) 
The embrittlement of several austenitic alloys 
by H, is investigated; embrittlement of an 
austenitic high-Ni Fe-Cr-Ni alloy indicates 
that structure is not the sole criterion of 
susceptibility to H, embrittlement. The theory 
of fracture due to Cottrell i is applied to H, em- 
brittlement, and a possible explanation, with 
some experimental supporting evidence, is 
advanced for the favt that only transitional 
elements have so far been embrittled by H, 
(29 refs). 

Embrittiement by hydrogen and other inter- 
stitials A. R. Troiano (Met. Prog., 1960, 77, 
Feb., 112-117) H, embrittlement and the 
kinetics of delayed failure are discussed, and 
details of experimental work given. 

Hydrogen embrittiement of 
coated parts (s.stained static of V- 
notched FS steel) T. J. Capello (Technical 
Rep. NK F-T--35-56; PB 128215, 1956, July, 

p-12; from US Govt. Res. Rep., 1960, 33, 

Bupplement April, 124; no abstract). 

of residual stresses and the risks 
ot b in welded structures H. Ger- 
beaux (Varilna Tech., 1960, 9, (1), 1-12) As 
steel ductility deer when temp. falls, 
brittle failure may « oceur when adaptatior at 
the base of the notch becomes insufficient. The 
article studies experiments showing the decis- 
ive effect of residual str on a notched zone, 
resdual welding stress, and stress relieving, and 
the main tests for the control of brittle beha- 
viour (research and acceptance tests) are 
described. Knowledge acquired should make it 
possible for mf given steel to draw an mn geen 

ing log temp-se pmo ynen diagram with 
various safety zones, nil-imperfect or total 
requiring a certain stress relieving treatment 
depending on the case in question. 








to cylindrical states of stress. 
Sawn Lee rae 
of steel W. K. P. Azou, and P. Bastien 


(Rev. Mé&. Mém. Sci., 1960, 57, March, 203- 

214) yay steel specimens have been 

tested in ~- and a simple method of 
ining ¢ 


stress-strain curv 
determining the rrpaetrn curve provoned 
can also be used to determine the strain con- 
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ditions. n the case of a cylindrical atate of 
stress. The results were applied to the deter- 
mination of the influence of H, on the plastic 
and fracture characteristics of steel. 
analysis to the 
characteristics of wear under dry conditions 
K. Ebihara and K. Hayashi (Bull. JSME, 
1960, 3, (9), 6-12) Wear result is reduced to 
only two curves, geometrically, for any values 
of normal pressure and sliding speed, and 
Holm’s theory is confirmed.-—s.1.-s. 

Influence of surface condition on friction 

resistance of hard chromium and mixed 

me-molybdenum platings P. A. Jacquet, 
J. J. Galbrun, and A. Popoff (Chrome Dur., 
1959-60, 46-58) Experiments were carried out 
to compare friction resistance of Cr plating 
surface polished electrolytically with a 
mechanically ground surface. It was found 
that the condition of the surface had a marked 
effect on friction resistance of hard Cr plate 
and that the life of the electrolytically polished 
plating was three to four times that of mechan- 
ically polished hard chromium. 

Wear of an cast iron cylinder liner K. 
Tarao (Bull. JSME, 1959, 2, May, 230-237) 
Tests of alloy cast iron cylinder liners contain- 
ing 0-65%Mo and 2-0%Cu, and cast centri- 
fugally, carried out for wear in high-speed 
diesel engines on diesel cars of the Japanese 
National Railways, are described with refer- 
ence to hardenability and other properties at 
high working temp.—8.H.-8. 


pcre dy eaters and wear resistance of 
fas auto parts in the USSR A. M. 

arasov and B. A. Stetsenko (Trattamenti 
Term., 1960, 5, March-April, 15-21) The 
article describes comparative tests on the 
depth case-hardened by carbonitriding, on the 
hardness of the cases and the core, on resist- 
ance to transversal rupture and wear resistance 
of various types of gear teeth for speed changes 
and back semi-axles for two types of auto- 
mobile. The methods used for research and the 
composition of the steels used are given. The 
question of whether to use vertical or continu- 
out furnaces for gaseous carbonitriding i is dealt 
with and experience gained in their use and 
precautions to be bonny are described. 

Radioactive by} steel balls for grind- 
ing tests G. G. Tehhe z (Department of Mines 
and Technical Surveys, Ottawa, TB 12, 1959, 
Nov.20, pp.6) Steel balls were labelled with 
Fe for investigations on life and wear of the 
balls under operating conditions in grinding 
circuits. The technique used is described in 
detail. 

Stainless Steel: How to avoid seizing up 
Laboratorio Dell’Acciaieria di Avesta (Acciaio 
Inossid, 1960, 26, (5), 225) In order to reduce 
the danger of seizing up, to which stainless 
steel is more susceptible than non- or low-alloy 
steels, the two surfaces should have a surface 
hardness higher than 400° Brinell. This can be 
obtained by: (1) using an austenitic chrome 
steel of 400°-450° Brinell hardness. Various 
Avesta steels are suggested. (2) Using Avesta 
4535 quality (AISI 329) which can be hardened 

during precipitation treatment in the sigma 


How to avoid seizing up of stainless 
(Acciaio Inossid, 1960, 27, (2), 413-415) A note 
from the Nickel Information Centre comments 
on an article ap in Acciaio Inossid., pre- 
vious abstract. The note refers to practical tests 
carried out and published in 1953 by Sanczyn 
of Armco Steel Cespesation which confirm that 
hardness is the main factor in resistance to 
seizing up. A table is attached which gives the 
results of these tests. From this it is seen that 
the best results are obtained using steels 
Adal at 400 Brinell o7/a/t° at 400 
Brinell and using 18/8 F hardness 170 
in 18/8 hardness 350. The note s on es 
the use of hardening steel for precipitation in 
the state treated can contribute substantially 
to solving the blem as to the advan 
that for austenitic of ferritic austenitic 
resistance to corrosion is sufficiently similar to 
that of steel type 301. 
the steel i 


Non-destructive testing in 
J. B. Austin (AISI Reg. Tech. Meet., 1 
1l- -18) A survey of the types of tests that are 


sensitized paper, 
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induction, ultrasonic tests, dye penetrants and 
magnetic , with remarks on test 
objectives and the neg of preventative 


maintenance in the p 
in a steel mili W. A 
Black (Met. Prog., 1960, 77, Feb., 104-108) A 
seam depth indicator, a tube tester, and a 
portable ultrasonic unit are described. 
Non-destructive tests on steels with special 
reference to stainiess steels A. Brioni (Acciaio 
Inossid., 1960, 27, (1), 346-371) This article 
briefly non ive testing and 
outlines the factors which ern its use. The 
various methods are described with reference 
to welds, thickness control, and the detection 
and evaluation of defects in plates. 
detormed steel ie a weak magnetic 
field A. W. Sleeswyck (Acta Met., 1959, 7, 
Oct., 689-691) A letter. The effect of plastic 
deformation in tension and compression on the 
magnetic induction of a 0-16% carbon steel is 
described. The results obtained are attributed 
to the formation of non-propagating micro- 
cracks.—a.«G. 
on the 


and nitrogen 
silicon iron LD. A. Leak 
G. M. Leak (BISRA Summary 155, 1960, 
ev p-3) (Derived from four reports in 
et. and JISI). 
Ache Hall effect in th .ron-nickel binary 
W. Jellinghaus anu M. P. de Andres 
(Hierro y Acero, 1960, 13, Feb., 169-182) The 
working of the ‘ordinary’ Hall effect is des- 
cribed mathematically with two tables of Hall 
electric resistivity and magnetization con- 
stants in Fe-Ni alloys. A relation is then de- 
duced between the Hall ‘extraordinary’ con- 
stant R, and the Curie temp., and is described 
with graphs of elastic tensions, of the forma- 
tion of superstructures and of the influence of 
plastic deformations.—s.H.-8. 
between the magnetic induction in 





cold rotied transtormer steel and final annealing 
conditions A. I. Belyakov and Yu. N. Yaro- 
shenko (Stal’, 1960, (8), 750-752) Extended 


cooling time to 450° is recommended. 

Ferromagnetism in Pd-rich oat iron 
alloys J. Crangle (Phil. Mag., 1960, &, April, 
335-342) Ferro etism has been detected, 
following upon Fallot’s measurements, in dis- 
ordered solid solution alloys of Fe in Pd at 
compositions down to 1-25 atomic % of iron. 
Data on magnetic moments and Curie points 
are presented, showing that part of the 
observed magnetic moment is associated with 
Pd atoms and is not completely localized in 
iron atoms.—8.H.-8. a 

The ferromagnetism of the compound »- 
FeSn M. Asanuma (J. Phys. Soc. Jap., 1960, 


15, July, 1343) i English}. ‘ioe mm 
poe of hot rolled dynamo 


V. V. Druzhinin and G. V. Ignatova (Fiz. 
Met. Metalloved., 1960, (3), 353-357) The 
difference in the types of crystallographic tex- 
ture and anisotropy of magnetic properties is 
due to the reversing of the sheets in rolling. In 
sheets first rolled, the crystallographic struc- 
ture is of the type (100) (110). In sheets with 
reversed rolling this structure is more complex 
and is represented by two types (110) [100] and 
(100) {110}. The different crystallographic 
structures have different anisotropy of mag- 
netic properties. In structures of the ty 
(100) (hio}. the best properties are obtained ty 
magnetizing the steel at an angle of 30-45° to 
the direction i rollin, 

Regardi ‘two Curie points’ of the Fe—Al 
Sh. g hank (Fiz. Met. Metalloved., 
1960, (4), 635 -637) This is an examination of 
the r by Sykes and Evans (J/7S/, 1935, 31, 
225), the findings of which regarding two Curie 
points and the cessation of ferromagnetism 
within the temp. range of the experiments are 
rinapld of special 
identification and 
steels by ng L. Guitton (Acciaio 
Tnossid., 1958, 25, (6), 199-201) This note 
describes the electrotesting method and its 
advantages in identifying rapidly and easily 
the various d in alloy and 
special steels, particularly when electro- 
magnetic and spectrographic methods cannot 
be used. In the electrotest, less corrosive re- 
agents and a large number of different compo- 
sitions can be used. Advantages are—low cost 





—the test piece sample is not altered— it can 
ponte pais agra sao ment so long as a 
see: of its surface is hat and horizontal— 
results are given showing the 

weeleas elements and their characteristic col- 


ours 
Electrical conduction in solids. 111. The con- 
tact of iron surfaces J. A. Greenwood and J. 
Harris (Proc. Roy. Soc., 1960, 257, Aug. 23, 
83-97). 
of 


Armco 
iron at temperatures M. J. Laubitz 
(Canad, J. Phys., 1960, 38, July, 887-907) 
Conductivities, thermoelectric power against 
Pt and thermal expansion were measured in 
the range 0-1000°C. All show a discontinuity 
at the «~y transition and a change of slope at 


the Curie point. 

The electrical resistance of iron—-aluminium 
alloys and its on ic 
order R. W. Cahn and R. Feder (Phil. Mag., 
1960, 5, May, 451-465) Electrical resistance of 
two Fe-—Al ‘alloys (Fe,Al) was measured. By 
analysis based on values of residual resistivity 
and temp. coefficient of resistivity the influence 
of order on electronic factors in the conduc- 
tivity and in the perturbations of the lattice 
that produce scattering was estimated. Free- 
dom of conduction electrons diminished as the 
order increased and the decrease in low temp. 
resistivity was due to reduced scattering po- 
tential, permitting a qualitative interpretation 
of the form of the anomalous resistance/temp. 
solution at high temp. (32 refs).—s.H.-s. 


i] ng the electromagnetic Sete of 
enone steel N. V. Keis and A. I. Komis- 
sarov (Stal’, 1960, (8), 721) A note from 


Chelyabinsk. Oxygen blowing practice has 
been improved with removal of inclusions by 
the use of Si ine or Fe-Co. 

Dependence of > and eddy current 
losses of electrotechnical on temperature 
V. V. Druzhinin and N be Mokrushina (Fiz. 
Met. Metalloved., 1960, (4), 498-502) In 
dynamo steel (1-0-1-2%Si) when the temp. is 
increased to 250°, with an induction maximum 
of Bmax= 10000 Gauss and f= 50 c/s, the de- 
crease in the hysteresis losses amounts to 10- 
15% and eddy current losses to 25-35%. Be- 
tween room temp. and —80° the increase in 
both these losses is slightly greater (by a factor 
of 1-3~1-5) than at 120°. 

Testing electrical sheet W. P. Crawley 
(Elect. Times, 1960, 138, Sept. 8, 339-341) 
Equipment developed for measurements of 
B-H curves and hysteresis loops is described 
including the NPL permeameter. 

Effect of inclusions on arcing behaviour of 
metals P. C. L. Pfeil and L. B. Griffiths (J. 
Nucl. Mat., 1959, 1, Oct., 244-248) Certain 
types of inclusions having a comparatively 
high electrical resistivity cause are initiation in 
stainless steels and in copper, and there is no 
apparent reason why other metals should not 
be similarly affected. A correlation is estab- 
lished between the resistivity of inclusions and 
their effectiveness as arc initiators.—8.H.-8s. 

Evaluation of surface defects on non- 
destructive testing W. A. Black (AISI Reg. 
Techn. Meetings, 1959, 123-144) A survey, 
from the viewpoint of the inspector, of methods 
of replacing visual inspection of surface 
defects by ultrasonic and eddy current meth- 
ods with practical examples of their applica- 
tion and a brief summary of advantages. 

The use of ultrasonic devices in heavy 
industry ©. Bordoni (Jng. Met., 1960, 9, July, 
57-68) After briefly outlining the principles of 
non-destructive ultrasonic testing, the article 
emphasizes the advantages of this method of 
testing welds compared with X-ray methods. 
The specific applications of ultrasonic testing 
—checking the depth of fatigue cracks, detec- 
tion of material failures of all kinds by the 
absorption method, checking adherence of 
anti-frietion metal to the bearing support, and 
testing grain dimension in special austenitic 
alloys are described. 

Ultrasonic testing of chilled cast iron 8. 
Wadewitz and A. Miller (Giessereitech., 1960, 
6, July, 196-199) The principles of ultrasonic 
testing are explained and some results are 
reported on teste of chilled cast iron. If the 
test-pieces have parallel walls quite good 
results with respect to the depth of the chill 
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zone were obtained, but when it came to rolls 
the tests were not satisfactory.—tT.«G. 
Most favourable for non-destruc- 
tive assay of hot castings 
and co 


ultrasonic methods: 

in of results J. Ors 

Martinez (Hierro y Acero, 1960, 13, Jan.- 
March, 268-275) A series of 11 oscillograms is 
presented, showing results of tests of castings 
under different conditions, and giving fre- 
quency of test, constriction of impulse, and 
amplification. The results are compared and 
the most favourable conditions of testing are 


determined.—s.4.-8. 
in the ultrasonic 


velopments 
ae of thin metallic sheet or R. 
Wilson (Sheet & Strip Metal Users’ Techn. 


Assoc, Annual Proc., 1951-1952, §, 19-35) A 
new method of testing thin sheet or plate is 
described in some detail. 

Some defects in sheets and their harmfuiness 
in relation to ultrasonic control E. de Kerver- 
sau (Centre Doc. Sidér. Circ., 1959, 16, (11), 
2437-2444) The increased use of ultrasonic 
testing by steel consumers poses problems in 
establishing criteria for the rejection of sheets. 
Some examples are discussed together with the 
changes in faprication techniques which will be 
necessary .---A.G. 

Ultrasonic testing of heavy steel forgings 
(1st report, reflection from simulated discon 
tinuity in water) A. Takaoki (Bull. JSME, 
1959, 2, May, 252-257) Data accumulated 
from tests with a Sperry Reflectoscope in a 
water tank of 900 mm dia. upon (1) infinite 
cylindrical, (2) finite ‘fined, (3) discal, and 
(4) spherical models are presented and the 
results compared and discussed. Equivalent 
reflection surfaces of each of three simulated 
discontinuities and bottom surfaces were 
investigated, and nomograms for size of dis- 
continuities ¢ from y and yx were established. 
While not immediately applicable for heavy 
steel forgings, the findings are advanced as 
help for the analysis of reflection phenomena 

and the arrangement of inspection data. 

internal defects of semi-killed steel plates T. 
Ohtake, K. Aoki, H. Gondoh, and Y. Sasaki 
(Tetsu to Hagane, 1960, 46, Jan., 29-34) 
Defects were investigated by an ultrasonic 
method. Their extent is low for the first and 
last poured ingots, but high for those in 
between. It increases with pouring temp. It is 
reduced by inverse charging in the soaking pit. 
It is increased by excessive cropping. Short 
track times increase the defects. The defects 
are attributed to scum remaining near the top 
surface of the ingot.—K.E.J. 

Use of ves blocks for checking ultra- 
sonic i ratus Lnternational Insti- 
tute of Welding, Commission V (Brit. Weld..J., 
1960, 7, April, 230-237) The results of inde- 
vendent examinations of the British and 
Jutch reference blocks, carried out by Belgian, 
Danish, French, and Swiss workers, are pre- 
sented. Directions for use of the two blocks are 
given in appendices. 

The attenuation of X-rays in the wave-length 
range \= 0-01-10-0m 1 E. A. Miiller (*Siemens 
Messtechnik, 1956, Feb., 37-38; May, 107-110) 
The extinction law and the processes of scatter- 
ing and absorption are outlined and values are 
given for attenaution coefticients from element 
3 (Li) to 92 (U) and graphically for some of the 
lighter elements in addition: as well as for 
compounds of Fe, ferrites, and other oxides 
and nitrides. 

Evaluation and assessment of the X-ray and 

mma film phot y of castings FE. 
Schiebold and E. Becker (Giessereitechn., 1960, 
6, (3), 74-76) The detection and evaluation of 
defects by radiographic methods is discussed 
with particular reference to American meth- 
ods. 

X-Ray examination of the surface layer 
when grinding low-heat tempered eutectoid 
steel L. I. Mirkin (Fiz. Met. Metalloved., 1960, 
(3), 459-460) Specimens of U8 (0-8°%C) eutec- 
toid steel were quenched from 800° and 
tempered for 1-5 h at 180°. These were ground 
with a longitudinal feed at a rate of 15—- 
30 m/min and a transverse displacement of 
0-01—0-05 mm. The results of the investigation 
show that the ratio of lines (110) and (220) of 
the a-phase was in all cases smaller than that 
of the sec of the angles of slip; i.e. the second 








order of distortions does not play any appreci- 
able role on the broadening of the lines. With 
the appearance of the austenitic structure, 
during the grinding of quenched high-carbon 
steels, therefore, the fine crystalline structure 
of austenite and ferrite in the surface layers 
—— in a similar way. 

sored rittyels of iron and steel surtnces 
after diffusion-chromiding with powders N. V. 
Karyakina and G. N. Dubinin (Fiz. Met. 
Metalloved., 1960, (6), 832-841) The findings of 
experiments here described are that nitrogen 
diffuses in the surface layers of iron and steel 
during chromiding with powders with the 
formation, on the iron surface, of chromium 
nitride (Cr,N) and on the steel surface of a 
chromium carbonitride (Cr,(N.C.) ). 

temp Foon spectral analysis of the inter- 
atomic in iron-aluminium alleys 8. A 
Nemnonov, L. D. Finkel’shtein, and K. M. 
Kolobova (Fiz. Met. Metalloved., 1960, (2), 
243-247) The increase in the electrical resist- 
ance in Fe—Al alloys, annealed between 200 
and 400° after quenching from 800° was 
ascribed by earlier investigators to the forma- 
tion of the K-condition. The authors, on the 
strength of their findings have proposed an 
explanation based on the different atomic 
charges in the Fe and Al ions. Further investi- 
gations are needed however in view of the diffi- 
culty of interpreting the Debye temp. as a 
measure of the interatomic bonds in solid 
solutions. 

X-Ray analysis of phase recrystalilisation 
when heating steel A. K. Varskaya, N. A. 
Kompaneitsev, B. K. Sokolov, and V. D. 
Sadovskii (Fiz. Met. Metalloved., 1960, (1), 
28-30) X-Ray examination has shown that 
with very rapid or very slow heating the 
texture of the secondary martensite repeats its 
initial texture, which disappears finally only 
with overheating during recrystallization of 
the austenite conditioned by phase hardening. 

wy investigation of the structure of 
metals in the liquid state E. Z. Spektor 
(*Principes Physico-Chimiques de UElabora- 
tion de (' Acier, pp.257—262) [In French] The 
determination of distances between neighbour- 
ing atoms in a liquid, and conclusions to be 
drawn regarding interacting forces between 
atoms and molecules are reviewed. Some non- 
ferrous examples are discussed. 

The quality control of welds by radiographic 
inspection G. J. Janssen (Metalen, 1960, 15, 
June 15, 182—187) It is pointed out that for 
correct assessment of the results of a radio- 
graphic examination one should possess all the 
necessary data and also employ the proper 
technique. The latter involves the source of 
irradiation, the film and intensifying screens, 
the influence of these latter on the former and 
then the seattering of the rays between the test 
piece and the surroundings. The influence of 
the geometrical shape of the test piece is also 
discussed. The first instalment summarizes the 
most important points and the second puts 
forward two procedures on which the quality 
control may be based.—¥F.R. H. 

Technique for non-destructive electron 
eiongrey and microfractography. Applica- 
tions to the examination of massive A. 
Jacquet and E. Mencarelli (Rev. Mét. Mém. 
Sci., 1960, 57, April, 241-253) Using the tech- 
nique previously described by the author, 
employing local electrolytic polishing and 
nitrocellulose varnish replicas, it is shown that 
the method can be extended to electron 
microscopy by making use of the carbon 
imprint Bach on the replica, A number of 
examples are given of the application of the 
method to the examination of parts which had 
failed in service (19 refs). 


Use of eye in metallurgy and metal 
physics I. S. Kulikow (Neue Hiitte, 1960, 5, 


June, 348-354; July, 420-425) A review of the 
literature dealing with the use of radioisotopes 
in studying the theory and practice of metal- 
lurgical processes, investigations on metal- 
lurgical plants, distribution and segregation of 
elements in metals and alloys, of diffusion and 
autodiffusion in solids, and quality control of 
metallurgical processes (317 refs). 

Materials for service above 1000°F: Metals 
and ceramics J. J. Harwood (Mech. Eng., 1959, 
81, Oct., 46-51) A review with properties of the 
high-strength steels. 


ee ee eee 


Softening of alloys 
D. F. Dosrnon (Metallov. Term. Obra. Met., 
1959, (3), 17-19) Working with a base compo- 
sition of 13% Cr, 8%Ni, and 8%Mn, the effects 
of C, V, Al, Mo, W, and Nb were studied. 

Mechanical properties of strain-hardened 
18-8 type steels at subzero temperatures N. N. 
Lyulicheva and N. V. Pisareva (Nauchn. 
Doklady Vyssh. Shkoly, Metall., 1959, (2), 217- 
220) Strain-hardening is recommended at room 
temp. for components for service at low temp. 
Working at subzero temp. does not require a 
preliminary quench, 

Study on 321 stainless steel intended for 
high-te re service such as for super- 
heater and reheater tubes. 11. Study on structures 
and carbide changes observed in each specimen 
before and after creep rupture tests M. Nishihara, 
H. Hirano, 8. Yamamoto, and K. Yoshida ( T'et- 
su to Hagane, 1960, 48. Jan., 39-53) Carbides 
pptd. in all specimens quenched from 1300— 
800° before the creep-rupture tests were 
identified as TiC and other carbides. The lat- 
tice constants varied with the quenching temp. 

properties of four low- 
alloy steels for jet-engine turbine wheels 
(WADC 53-277; PB 133856, Part II [no date}, 
»p.121; from US Govt. Res. Rep., 1960, 33, 
Supplement, April, 121; no abstract). 

The slow deformation of the monocrystals of 
the iron nickel solid solution at high tempera- 
tures V. M. Rosenberg (Fiz. Met. Metalloved., 
1960, (6), 922-926) The specimens were pre- 
pared from an alloy containing 30%Ni; 
0-4% Ti, 0-15°% Mn and the remainder Fe. Such 
an alloy is a solid solution with a cubic face- 
centred lattice. On cooling the y-solid solution 
below room temp, the y-« martensite trans- 
formation takes place. Heating the trans- 
formed «-solid solution above 500° the reverse 
a~y martensite transformation occurs. The 
experiments here reported justify the conclu- 
sion that the different behaviour of the anneal- 
ed specimens undergoing phase hardening is 
not pt to any qualitative change in the defor- 
mation mechanism. The presence of a defec- 
tive lattice in the transformed specimens 
results in an intensification of slip, which is 
more intense than in the annealed specimens. 

The properties of materials in the low 
temperature range of a gases W. Parpan 
(Schweiz. Arch., 1960, 26, June, 253-255) This 
is a discussion on a paper by L, Piatti, pub- 
lished in March 1960, The present author 
draws attention to a development carried out 
by the International Nickel Company of 
America on the ageing behaviour and mechan- 
ical strength of a 9%Ni steel at temp. of 

196°C. Some uses of this steel are indicated. 

The effect of a load applied to technical iron 
at 300°K, on its mechanical properties at 77°K 
I. A. Gindin (Fiz. Met. Metalloved., 1960, (3), 
447-455) The experiments have shown that 
technical iron first loaded at 300°K within the 
elastic region and then cooled, under load, to 
77°K, passes at that temp. from the brittle to 
the plastic condition. This transition is ac- 
companied by an increase in the true UTS in 
comparison with the brittle technical iron. It 
has also been shown that the initial stage of 
plastic deformation at 77°K of this iron when 
first treated at 300°K, proceeds until the upper 
yield point has been reached. 

The Gynuasts ofest of thermat energy applies 
to copper, aluminium and mild steel N. F. 
Kunin and L. I. Afanas’eva (Fiz. Met. 
Metalloved., 1960, (1), 24-27) The residual 
thermal energy applied to Cu, mild steel, and 
Al, after static deformation has been meas- 
ured. The specimens consisted of 1-5 mm dia. 
wires of these metals threaded through rubber 
tubes through which water at the desired 
temperature was flowing. Three tubes were 
used, through one of which water flowed at 
room temp.; the ends of the wires were then 
connected as required to a mirror galvano- 
meter of 4152 resistance and 0-08 pV sensi- 
tivity. The specimens were statically deformed. 
A considerable dynamic effect of the residual 
heat energy was observed. The dynamic coeffi- 
cient of the applied heat energy falls, in all 
cases investigated, with an increase in the 
degree of deformation. This coefficient is 
greater the lower the m.p. of the metal. 
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Eno eters of qneasting on the hett conte: 
tivity of carbon steels B. i. Neimark and V. E. 
Lyusternik (T'eploenergetika, 1960, (5), 16-18) 
Quenching has little effect on the thermal con- 
ductivity of St 15 low carbon steel. However, 
with a carbon content exceeding 0-30% this 
effect becomes ——— (especially for U8 
steel). Due to the different effects of quenching 
on the thermal conductivity, heat capacity, 
and specific gravity, the properties of the 
quenched steels have a very complex relation 
to temp. Between 0 and 200° heat conductivity 
is leas, and beyond 200° it is greater than in 
annealed steels. Between 500 and 900° the heat 
conductivities of annealed and quenched steels 
are equal. 


Special features of the diffusion redistribution 
of carbon in super-cooled austenite LS. Palat- 
nik and I. A. Tananko (Fiz. Met. Metalloved., 
1960, (4), 554-557) The type of steel investi- 
gated was ISKhNV: with 0-32%C (32KhNV), 
with 0-70%C (7OKhNV), and with 1-2%C 
(L20KhNV). X-ray photographs were taken by 
the method previously described (ibid., 1959, T, 
(6), 842). An examination of the photographs 
confirms that the diffusion redistribution of car- 
bon proceeds at a rather high rate with the separ- 
ation of the initially homogeneous austenite into 
two solid solutions characterized by different 
carbon contents. In the high carbon steel 
(120KhNYV) the transformation proceeds in the 
y-phase regions enriched with carbon while in 
the regions of smaller carbon content no de- 
composition is observed. 


The mi m of carbon in bimetals and 
welding joints of different types of steel I. N. 
Gerasimenko (Fiz. Met. Metalloved., 1960, (4), 
520-524) It is known that the solubility of 
carbon in y-iron is appreciably greater than in 
a-iron and that because of the appreciable 
decrease in its activation energy, carbon 
migrates rapidly from the carburized zones of 
EI 496 and 12 MkH steels. Hence, by con- 
trolling the diffusion of carbon in ‘welding 
joints of different steels, it is pousible to im- 
prove the quality of the joints without using 
separating layers between the steels such as 
pure iron, nickel, or other metals impeding 
carbon migration. 


The effect of silicon on the carbon diffusion in 
austenite M. A. Krishtal (Fic. Met. Metalloved., 
1960, (2), 317-319) At low temp. Si speeds up 
carbon diffusion and at high temp. it slows it 
down, as it results from the investigation of the 
diffusion coefficient (through em*/sec) and of 
the activation energy of specimens with differ- 
ent Si contents. 

The diffusion of certain elements from a 
single source in iron and its M. A. Krish- 
tal (Fiz. Met. Metalloved., 1960, (5), 680-688) 
The possibility of observing simultaneously 
the diffusion of a few elements from one source 
by local spectrographic analysis has been 
demonstrated by investigating the diffusion of 
Ti, Mn, Cr, Si, and Mo in iron and binary iron 
alloys each containing 5 atom %Co, Cr, Si, and 
V. The diffusion rate of the elements in iron 
and binary iron alloys increases in the order Ti, 
Mn, Cr, Si, Mo. 

Studying the causes of the diffusion ‘activity’ 
of ccpneliiee bodies with distortions. V. The 
causes of diffusion ‘activity’ of metais with non- 
uniformities in their macroscopic structure 
Ya. E. Geguzin (Fiz. Met. Metalloved., 1960, 
(6), 842-851) The possible role of the excess 
‘atomic’ vacancies in the increase of the ciffu- 
sion ‘activity’ of metals may mean that the 
increase in the diffusion coefficient, established 
experimentally when sintering compacted 
powders, cannot be conditioned by an excess 
of ‘atomic’ vacancies. The role of the boundar 
network and of the spaces in metals with 
increased activity and with macrostructural 
non-uniformities has also been studied by 
computing the real diffusion coefficients in 
specimens with the simplest geometry, and the 

ndings show that the boundary network may 
well cause a considerable increase in the real 
diffusion coefficients. 


influence of metal on the intergranular 
self-diffusion of iron in Cs Cc. Ley- 
monie and P. Lacombe (Rev. Mét. Mém. Sci., 
1960, 57, April, 285-290) The constants of 
grain boundary self-diffusion in the a-range in 
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high purity were determined, the sec- 
2h and Fisher's is, For 
uae ats kcal ‘ eS oe 
is t 
Siac tisnnaiie ehamerten i using 
« different ‘ibid., 1959, 74). Grain 
boundary was slower 


Effect of silicon on magnesium diffusion in 

. L. Vashchenko and N. A. Golovan’ 

Proiav., 1960, (2), 27-28) With the satura- 

tion surface wit , carbon con- 

tent falis due to a Fara ane of the 
oN te 


may ba decarburiz- 


2 
Fe: 
iF 


~ 

(Rew. Wien Mém, Sci., 1960, 7, March, 215- 
231) The diffusion coefficient of H, in a dead- 
mild steel is determined, using an electrolytic 
charging method, and it ix shown by a radio 
investigation that H, is 

present o; (112) planes and in the defects 
tasoointod with these families of planes. H, 
brittlement in uniaxial tension is examined. 
(April, 265-277) In this section the influence of 


the process of H, embrittlonent i is con- 
sidered. Embrittlement is explained by the 
momentary flow of protons brought pe by 
dislocations which have accumulated in front 
of an obstacle (64 refs). 


1960, 218, June, 488-497) The solubility of 
arog in pure iron and pure nickel and of 
ure iron has determined and 

with earlier data. Nitrogen is 

insoluble i in pure nickel and cobalt. The pong 
par of be hy in Fe-Ni increases 
increase in nickel content but 

the solebilisy. of hydrogen in Ni-Co and 
Fe-Co alloys reaches a minimum at 75 and 
50 at-%, ively. The solubility of nitro- 
in % alloys decreases approximately 

y with increase in cobalt content. 

Nit is insoluble in Ni-Co alloys. Deter- 
mined interaction are in good 


= with predictions of Goken and 
be gy Manag manga Sg 


under pressure 
Seer eT ie 
Teodorovich, ‘Deryabina 
Fh ew Term. Obra. “Met, ‘Tees, (3), 19-24) 
results of studies on iron, various low- 
= steels, a 13% Cr steel, and an 18/8 type 
stee. waa er 


The effect of hydrogen on steel in oil industry 
inatahotions (Acciaio Inossid., 1960, 27, (1), 





are often 

ee Te ae ee, 
6 ee ee pressures up to 
1000 atm oe eee 
burizer the steels resisting such an attack must 


— het hydrogen : te (Stahl 
isen, 1960, 80, Aug. 1 n1i7-1138) For 
chemical-plant construction steels 


contain stable carbides and steels of this t 
are alloyed with Cr-Mo, or Cr~-Mo-V-—-W. 
composition with stabilising additions of Nb 
ions o 
and Ta are used. In these steels the Mo content 
oo aan ray whereas small additions of V 
increase the strength.—T.«a. 


Wallin and Ded. Mack (Acie Mete 1950, %, 


Oct., 687-689) A letter. The rate of eoseee st of 
Ho Geme Anrglann wes amend ar on method. 
decrease me 


in brittleness ad a pines ee 
The diffusion rate of H, 
governed by the ceobalility: of Hote of H- ny ~< 
wvGuses fn form molecules.—a.G, eS 
metals, m 
carbon steels M. Gladman (WAL 


oes. F P. ae 1951, Oct., pp.55; ~~ oni 
Govt. 


" be 8 
125, ng abatracl. pee vanes 
element in heat. oo Me 


absorption of 
20% Cr-Fe in F smn 
M. Okamoto and O. Miyakawa (Tetsu 

to Hagane, 1960, 46, Feb., 157-162) The depth 
¢ the austenite zone formed at the surface by 
absorption at 1250°C was determined for 
aan of varying N, content. The tenite 
decomposed to ferrite and Cr,N during cong 
cooling, and the ferrite—austenite ch 








Laguntsov (Vestnik Mashin., 1960, (4), 50-54) 
The chemical Fomor ‘of the steel wad 
0-45-0-55%C; 1-6- 0% Cr; 0--1-1%Mn; 1-2- 
4%8i; and 8 and 04% maximum each. 
The average prc —— were Ac, 780°C 
Ac, 800°; Ar, 700°; Ar, 740°. Indices of physie- 
al properties are given for different temp. of 


treatment. 
types of stainless steel (Acciaio Inossid., 
1959, 26, (1), 13-14) The Avesta steelworks has 
recently extended its range of production by 
otens new types of stainless steels with a new 
and increasing resistance to certain types of 
corrosion, by increasing the Ni content of 
832 SK steel from 11 to 14%. Tables are given 
showing the mechanical and physical proper- 
ties of the steels and their uses. A riew steel 
AISI D319 for the control of pressure 
containers is described, which differs from 
AISI 316 by its higher noms content. 
reg corrosion heat resisting steels. 
U.N.I. tables 4047 (Acciaio Inossid., 1959, 26, 
(2), 53-57) This is a reproduction of the new 
Italian UNI standard tables for stainless steels 
resistant to corrosion and heat intended for 
cold or hot working. 


n and fabrication preneriee of high- 
steels A. M. Hall (Mach. Design, 1960, 
32, July 21, 174-176, 179, 180) Low-alloy 
hardenable, Cr hot-work die, martensitic 





heating occurred at 900-1050°C. Retained 
austenite was susceptible to subzero treatment, 
and stabilization at room temp. was not 
pronounced (11 refs),—x.x.3. 
eee RES Sneee  aphe-Pe as Gator 

ames a ma - decay of permeability J 

rr gs . Anolick Trans. Met. Soc. 
AIME, 1980, “ata, June, 405-408) The mag- 
netic after-effect in the form of time decay of 
permeability (4 1/y), has been used to obtain 
independent data on the solubility of carbon in 
pure iron, The results differ slightly from the 
solubilities obtained through internal friction 
experiments. The mechanism of the time decay 
is the magnetic analogue of internal friction 
and some suggestions are made to explain the 
observed discrepancies. 

Addition of small amounts of cobalt to steel 
L, Harbraken (Rev. Mét., 1960, 57, May, 445— 
450) The effects on steel’ properties of low Co 
contents (up to 5%) are studied in a low-C 
rimming steel, on low-alloy steels, and on 
13%Cr steel. Additions of a few tenths % have 
@ pronounced effect on both hot and cold 
ductility (17 refs). 


aluminium alleys E. M. Savitskii, V. F. Tere- 
khova, and I. VY. Burov (M etallov. Term. 


Obra. Met., 1959, (3), on Toy Studies on Zr, 
Ti, Ta, Nb, V B, Co are reported, 38 
compositions are - Magnetic and 


other measurements are included. 

The effect of arsenic on carbon and 
structural M. I. Kurmanov and T. 
Filippova (Stal’, 1960, (7), 637-642) A streaked 
structure is demonstrated in -con! 
steels. A number of experimental melts were 
made in an induction furnace and it was 
shown that up to 0-3%As has little effect on 





mechanical ies though certain effects 
are shown. Nitriding is ded and t 
ee a ee 


and a eee 
a onto rn Feb. 66) A 

ad oy ot kel aioy sel steels reported by 
contain 20-30%Ni, 
and have given iad strengths of over 
290000 psi by air cooling from heat treatment 
temp. 2-6%Ti or Al or a combination of the 
two are also added. A —: is also given 
of the properties of ‘Strux’ low alloy, a steel 
giving tensile strengths of 260000-300000 pl 
giving le st: o 
after ond tempering i 


A steel oat oo -. hardens W. 8. 
Mounce and A. J. Miller ( when 1960, 77, 
Feb., 91-94) “The steel descri contains 


st 950-1100°F ins 
otmonpl minimum tensile 

rrengt of 20 psi is obtained. 
Die forging steel gre bee I. Zalesskii, 
D. M. Korneev, Ya. M. Okhrimenko, and I. N. 
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stainless, semi-austenitic stainless, and cold- 
rolled aust less steels are reviewed 
and creep and short-time elevated temp. 
strengths are shown. Welding properties are 


noted. 

Possibilities ngsten-alloyed construc- 
tional steels in “ns tery = ‘very high strength’ field 
J. A. Garcia Poggio (Inst. Hierro Acero, 1960, 
67, May, 536-570; Special Number) A series of 
alloy steels containing W has been investigated 
with a view to use in the high strength field as 
substitutes for the conventional Mo steels. The 
steels were Mn—W (0°34%C, 0°-42%8i, 1-22% 
Mn, 0:87%W), Cr-W (0-26%C, 0-38%Si, 
0-52%Mn, 1-10%Cr, 0-54%W, and 0-33%0, 
0-49% Si, 0-54%Mn, 1-35%Cr, 0-69%W), and 
Mn-Cr-W (0-24%C, 0-46%Si, 1:26%Mn, 
1-16%Cr, 0-55%W) types and a similar series 
but with a higher Si content (about 1-59 %o)+ 
The critical points, susceptibility to grain 
growth, hardenabilities, property charts, iso- 
thermal transformation diagrams, and fields of 
use for each steel have been determined ae 
the data are included in the re’ ort. A com 
son of the Cr-W steel (0-33°% 1-35 Vcr, 
0-69%W with a Cr-Mo ane (0-33%C, 
1-24%Cr, 0-30%Mo) is also included. It is con- 
cluded that these steels are similar in behavi- 
our to, and may be substituted for, the con- 
ventional Mo steels; this result can have an 
important effect on ‘the national economy 
(29 refs). 

When to use Avesta 832T or Avesta 832 
MVT steel (Acciaio Inossid., 1959, 26, (3), 
102-103) This is an explanatory note prepared 
by Avesta steelworks comparing the applica- 
tions of the Avesta 832T oe t resistant steel 
bere the Avesta 832 MVT corrosion resistant 
steel. 





italian and 
1959, 26, (3), 104-106) To aid consumers in 
their choice of Avesta steels these are com- 
pared in analysis tables with Swedish, British, 
American, and Italian standards—with brief 
explanatory notes. 
iveness of weld i 

with arto raditsotopes, A. 8. acto apne 
I. E, Neifel’d (*Svar . 1956, we, (8), 39-86) 
Tests with 1st]y, ICs 
replacements for Co were made for Mt ai 
weld i and other oil industry struc- 


the use of Cs are made. All the isoto 


be used but the cost of “Eu and ™ is at 
present high 

Steel and alloys (Técn. e Ind., 
1960, 38, A) 497-501) A short summary of 
poe aoe alloys, their properties 


pay ny oa er 
ete’ series (/ron Steel, 1960, 33, Mar., 114) A 


description of the properties of a series of 








i te —, 


“ 


ma” 





special alloy steels develo by Samuel Fox 
and Co. Ltd, for use in the aircraft industry 
and such applications as the low-pressure 
turbine blades in power stations. 


METALLOGRAPHY 


Emission microscopy by ion-excited electrons 
H. Diker (Schweiz. Arch., 1960, 26, May, 199- 
201) An electron- -emission microscope is des- 
eribed for the direct observation of metal 
surfaces at 20-1100°C. The electrons are 
emitted from the surface of the object to be 
studied by bombardment with ions. The reso- 
lution is temp. oe and is in the 
region of ~500 In the present apparatus, 
magnifications of 550, | 150, and 1600 may be 
selected. Ion etching and surface reactions can 
be carried out with various . This micro- 
scope is particularly suited for the study of 
transformations, precipitation, and recrystal- 
lization processes.—tT.G. 

Study on ferrous materials with the electron 

. 11 T. Akutagawa and I. Uchiyama 
(Tetsu to Hagane, 1960, 46, Feb., 163-172) A 
review (72 refs).—x.E. . 


From the work of the electron we | 
laboratory of the Senpuieteame F 
Dietzmann (Bergakademie, 1960, 12, May- 
June, 294-298) Most of the examples are non- 
ferrous, but examinations of the fractured 
surfaces of steel specimens are reported, and 
micrographs are reproduced. 

Direct determination of the mean particie 
prod hewn pe ch eave Lo ET 
pa tnd ye me ipped witha 
micrometer eyepiece © secret ag! Metallk., 
1960, 51, July, 414- 420) The Eltinor point 
counter for microscopical particle size mea- 
surement is described and a number of exam- 
ples quoted in which particle size measurement 
and qualitative and quantitative particle size 
classification by integrating is carried out 
simultaneously for one or more components in 
one single operation.—tT.«a. 

Etching method for use with Fe—Ni alloys 
W. D. Hannibal (Acta Met., 1959, 7, Oct., 697- 
699) [In German] A letter. The 50-50 alloy is 
especially considered. Optical and electron 
photographs are shown. Electrolytic etching is 
used with chromic-acetic or @ proprietary solu- 
tion, or a mixture of these. 

A simple electropolishing cell M. K. Asundi 
and K. Ten gri (Metallurges, 1960, 61, March, 
139-140) The « cell is described, and examples of 
work done with it are given. The advantages 
claimed are (1) only a small quantity of electro- 
lyte is :equired; (2) change-over of cathodes 
and electrolytes is easy; (3) the system is highly 
resistant to corrosive electrolytes; (4) despite 
its simplicity, the unit gives satisfactory 
results. 


Observations on the thermal etching of 
silicon-iron D. S. Hutton and W. C. Leslie 
(Trans. Met, Soc. AIME, 1960, 218, June, 
525-533) Thermal etch patterns developed on 

lycrystalline 3-5%Si-Fe by heating in 

ydrogen or in argon have been examined. The 
most prominent feature of the etching is the 
development of striations on grains with (100) 
planes near the plane of the surface. 
striations are probably produced by the resolu- 
tion of a random high energy plane into (100) 
facets of lower energy. 

An iron-silicon carbide J. G. Humphreys 
and W. 8. Owen (Nature, 1960, 187, Aug. 13, 
589-590) A letter. The findings are to be 
published in full later. 

Nitrides of iron with nickel, um and 

inum H. M. Stadelmaker and A. C. Fraker 
Trans. Met. Soc. AIME, 1960, 218, June, 571) 
Earlier research reported the existence of the 
nitrides Fe,NiN and Fe,PtN with a cubic Ll, 
structure. is note shows that « similar 
nitride can be observed and that the ——— 
tion range between the iron nitride Fe 
the nitrided Ve,NiN, Fe,PdN, and Fe, ON is 
occupied by single phase cubic nitrides with 
structures intermediate between LI’ and L1,’, 
to the study of the solidification 
of alloys A. Kohn and J. Chinen (Row M4&., 
Mém. Sci., 1960, 57, April, 291-312) The 
article deals —, with non-ferrous alloys, 
but i describing teste on 
various ferrous aleve with the Castaing micro- 





sonde, in which the dendritic structure is 
analysed. Curves are presented showing the 
concentration of alloy constituent as a function 
of inter-dendritic distance, obtained during 
slow cooling (30 refs). 
influence of the purity of iron on its sus- 
=. after 


severe 
Sin ine it (Compt. Rend., 1960, 231 
July 11, 243-245) The effects of tests on differ- 
ent samples of iron, including ‘Armco’ and 
a irons are described.—s.H.-8. 
Band structure in 10 G6 steels and more 
in tool steels Sellier 
Centre Doc. Sidér. Circ., 1959, 16, (8), 1795- 
1799) The harmful effects of band structure, 
associated with the segregation of Cr carbides 
are described. The factors in the method of 
production, casting practice, and subsequent 
working, which affect the formation of these 
bands are considered.—a.«. 


ae nicket-iron films 
R. D. Burbank and R. D. Heidenreich (Phil, 
Mag., 1960, 5, April, 373-382) Thin films of 
Permalloy (81%Ni, 19% Fe) have been studied 
by electron microscope, and diffraction pat- 
terns indicate microtwinning on all types of 
{111} planes, being subject to effects of 
multiple diffraction and film deformation, and 
a film is revealed which consists of discrete 
three-dimensional particles which are a conse- 
quence of isotropic growth of crystal nuclei. 
Microtwinning seems to be a relief mechanism 
for reduction of strain energies which accumu- 
late at the boundaries between growing 
crystal nuclei.—s.H.-8. 

Nature of <7 matrix for secondary re- 
crystallization to the cube texture in high 
purity silicon iron C. G. Dunn and J. L. Walter 
(Trans. Met. Soc. AIME, 1960, 218, June, 
448-453) The characteristics of cube-oriented 
nuclei and other matrix grains associated with 
secondary recrystallization were investigated 
by metallographic and X-ray methods. The 
results show that the structure consists of rela- 
tively perfect grains of average diameter 
between one and two times the sheet thickness 
and that the texture has a moderately strong 
(110) [001] component and a weak (100) (001) 
component. 

On the Widmanstitten habit plane of pro- 

cementite R. W. Heckel, J. H. Smith, 
and H. W. Paxton (Trans. Me. AIME, 
1960, 218, June, 566-568) The habit plane of 
proeutectoid cementite precipitated from 
austenite was studied using a two-trace surface 
analysis coupled with a direct X-ray back- 
reflection determination of the orientation of 
the parent matrix. The results were the same 
as those obtained by earlier workers using in- 
direct methods. The data indicate that a range 
of habit planes in the parent phase is operative 
which is not in agreement with accepted 
theories. 

Influence of deformation and 


deformation 
rate on the of ferrite 25°,6r 
steel after hot deformation C. Rossard 
and P. Blain (Rev. Mé. Mém. Sci., 1960, 57, 


March, 173-178) The structure obtained by 
changes due to hot working followed by hold- 
ing at temp. is examined. It is found that there 
is a deformation threshold above which re- 
crystallization occurs, after an incubation 
period varying with amount and rate of 
deformation and temp. 

Grain size in high-alloy hot work toolsteels 
R. F. Harvey (Met. Prog., 1960, T7, Feb., 109- 
111) The isothermal technique used fur de- 
lineating grain boundaries in these steels is 
described (Payson and Nehrenburg:’ AISI 
Yearbook, 1948, 540), and it is shown that W 
inhibits grain growth, and rehardening treat- 
ments produce duplex structures. 

A ti 


crystallization in growth F. R. Larson 
and J. Salmas (WALR 805/30; PB 128094, 
1953, April, pp.57; from US Govt. Res. Rep., 
1960, 33, Supp! t; April, 123; no abstract). 
The texture of cold-rotied 

( Fiz. — 


electrical . P. Kudryavtsev 
Metalloved., seen. (6), 939-940) This is 
addendum to =. article by Druzhinin 


Kudryavtsev which “opened in the Sta?’ 
pe ae cet for py p.88, on metal physics 
eiauhaien of the de- 
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carburization of tool steels Yu. A. Geller and 
M. N. Fad (Zavods, Lab., 1960, (3), 
307-310) A few relovant methods are con- 
sidered. The one by Popov and 
Michalev (ibid. 1955. (4 (4 ) was checked against 
the method proposed by Sadovakii (sdem., 
1934, (6) ) and also by chemical ee of the 
layers. All methods give very simi 
but chemical analysis by layer shows a slightly 
greater decarburization depth. 
A method of continuous 
observation of the surtace during 
treatment V. I. Shevchenko and E. N. Alpatov 
(Zavods. Lab., 1960, (1), 77-78) An apparatus 
is described in which 10x 10x 40 mm speci- 
mens can be immersed in an electrolyte under 
& microscope with a ial attachment which 
ives a x 400 i ion. This apparatus 
also a few other laboratory uses. 
Electron analysis of carbide formation in 
steeis 8. 5. D’yachenko, I. A. Vasis, and 
N. A. Kharchenko (Fiz. Me. Metalloved., 
1960, (3), 441-446) Investigations have shown 
that in the 20KhM steel, the carbide Fe,Mo,C 
forms directly from the austenite at 7 
This is reco on the electron micrographs 
after keeping 1 min at that temp. The preci- 
itated particles are very sma |, ~10~? om. A 
Looping period of 30 min results in the forma- 
tion of CryC, carbide in addition to the 
carbide first mentioned. A further holding for 
up to 10 h produces no changes in the com- 
position of the carbides. Similar results were 
obtained with 15Kh1MIF steel. 


Instrument for polishing and 
etching of microsections on the com- 
N. N. ~ va and V. A. Malyshenko 


(Zavods, Lab., , (3), 367~— 368) The appara- 
tus has a Fatt for continuous circulation of 
= electrolyte during the process and this 
roves the transition zone between the 
polished and the original surface, which re- 
palen almost flat. It also has a device for 
preventing the electrolyte from leaking out on 
to the component on removing the attachment 
so that etching and polishing may be carried 
out from any angle. Diagram are supplied. 

A new reagent for metallographic 
sections V. Ya. Savenkov (Zavods. Lab., 1960, 
(3), 371-372) The alcoholic solutions of nitric 
and picric acids used in most cases have the 

vantage of —s colloidal films of 
—— products, soluble with difficulty, and 
ing observation at magnifications of 
% 000 and more. Chloride salt solutions are 
very suitable for the purpose since their 
corrosion products can be easily removed. A 
weak acidity furthermore does not decom 
the carbides. A suitable reagent, ully 
tested, is a mixture of three parts of a 10%, 
ueous solution of chloramine-T with one part 
Pe 10% aqueous solution of citric acid, 

Contribution to the of the extraction 
and analysis of contents in 
carbon steels E. Penna (Bol. Ass. Bras. Met., 
1960, 16, April, 387-399) The processes of ex- 
traction of the contents of oxides in steel, 
principally in anodic dissolution, are described; 
and the treatment of the primary residue of 
electrolytic extraction, having in view the 
elimination of carbonate, by tk the Fag. masses 


analysis of the resid 
tempering 





The carbide constitution 5 
behaviour of chromium vanadium niobium 
steels at 700°C K. C. Mills, B. B. Argent, and 
A. G. Quarrell (JISI, 1961, 197, Jan., 9-21) 
[This issue}. 

Summing 


the carbs, pases form 
carbon steel B. A. ym ve Fie. hon tempering 


loved., 1960, (3), ote s tah A emt we the 


various — me Sere or seen 
on strict hed Spanien: is as effective as 


X-ray analysis. Both permit — and 
- ems on determinations of the phases. 
Magnetic analysis confirms the formation of 
8 carbide phasce: FeC’ x -FexC and Fe,0, with 
Curie pointe ively 210, 210, 265 and 380° 
but does not authors conception of 
the ———s of a or of vec elinges = 
hexagonal cementite 

incompatlewith te formation of only thee 


with some experimental date do not show the 
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continuity curves magnetic sat 
tion in the of 265° and the t 
pepe oes rsdn gro o Peco 
action of an load. 
contro! of steel from non- 
metallic inclusions M.S. Mikhalev and L. V. 
Mironov (Stal’, 1960, (7), 647-649) Examina- 
batches rejected basis of a 


factory for inspection a discussion on 

y theory is given. It is proposed 
careful attention should be given to the melt- 
ing process with only occasional examination 
for inclusions over a a without 
at ing to examine poss da 


ogc raids by am 
method H. Hughes and ak tom 
(Metallurgia, 1960, OMe May, 231-234) A 
method is described for the X-ray fluorescent 
analysis of small amounts in the order of 0 lg 
of residues extracted electrolytically from 
alloy steels. The method is not limited to 
id but may be used for any 
material in powder form, such as oxide scales, 
etc. In view of the small 
amount of sample used =. -ccuneal are con- 


sidered to be very good.—t 
The distribution of um and 
sten — the solid and the 
Rema oy Wes F. Lashko and N. M. 
va (Si 1960, (7), 642-644) The car- 
bides were isolated by electrolytic solution and 
analysis of these sh 








owed Mo to be a more 
powerful carbide former than W, as the Mo : W 
ratio is higher than that in the steels. The 
thermal stability of the carbides is increased 


by Mo. 
surtaces of molybdenu so ° Z or. 
m aslav - 
skaya and N. N. Popova (Zavods. Lab., 1960, 
(2), *135-137) Crack formation and failures of 
metals occur in many cases at grain boundaries 
enriched with alloy elements and containing 
its of carbide. To study the 
— of the enrichment, phase analysis of the 
ace layer of the fractured surfaces is 
necessary. An electrolytic method is described 
for this gr so consisting of two stages: the 
imen is first immersed in the electrolyte 
ter having been coated with a resin leaving 
only the fractured surface free. The deposits 
from the ——) are Fe pact pre in Rance a 
imen is then cleaned and again electrolyti- 
air anal for Mo carbides. Almost Xho 
whole of the Mo introduced into the steel was 
found in the form of carbides in the fracture 

zone. 


The origin of the excess phases in stainless 


lum steel 

N. P. va, F. P. ag to and 8. N. Votinov 
(Piz. M (3), 422-425) 
X-Ray saidinhtey has stablished the fact that 
the electrolytic deposit of the excess phases in 
from 1200° and above, 

consists edominantly of niobium carbide. 
On reducing the temp the relative amounts of 
carbide in the precipitates decreases and the 








1835) Results are reported of a survey of dila- 
tometriec tec! and the interpretation of 
the curves obtained, with the object of reduc- 
ing the divergency between ries. A 
pooner of determining the transformation 
point Pp which should be repro- 
Rueible t to +10°C 


——A.G. 
investigation of the modi- 
fications of cementite produced by the dissolu- 
tion of silicon im B. Osdoit (Rev. 
Mé, Mém, Sci., 1960, 67, March, 194-202) It 
is shown that pure cementite can be obtained 
by the action of a mixture of CO and H, con- 
taining 12%CO on iron oxide at 550°C. The 
= of Si-containing cementite are exam- 
ined by carburizing FeSi with hydrocarbons; 
the Curie point is reduced, but the amount of 
Si dissolved is small. Cementites containing 
substituted Mo were obtained by heating 
mixtures of Fe,C and Mo in vacuum; solubility 
of Mo varies with temperature, and reduces the 
Curie point of cementite considerably (35 refs). 
Relationship between isothermal and aniso- 
thermal nucleation of 
C. R. Simcoe and 


A. R. Elsea (WADC T R-54-330; PB 130378, 

1954, Sept., pp.34; from US Govt. Res. Rep., 

1960, 33, Supp ement, April, 124; se oe 
On the of nickel 


Geudrel and L. Jacqué (Compt. Rend., een 
250, June 20, 4151-4153) This thermogravi- 
metric study of iron alloys of 2-5% nickel 
shows the influence of the latter on the kinetics 
of carburation and decarburation of austenite. 
reach me pg Aaah ean pearlite 
transformation M. L. Picklesimer, D. L. 
McElroy, T. M. Kegley jun., E. E. Stansbury, 
and J. H. Frye jun. (Trans, Met, Soc. AIME, 
1960, 218, June, 473-480) Measurements of 
rate of growth, thermodynamic quantities, and 
partitioning of Mn are reported for high purity 
eutectoid Fe-C and Fe-C-Mn steels for the 
austenite—pearlite reaction. Evaluation of the 
constants of a derived rate equation with these 
data indicate that Mn additions cause the de- 
crease observed by increasing the activation 
energy and apparent activation entropy for 
the movement of complexes at the interface. 
Appreciable itioning of Mn to cementite 
occurs entirely behind the austenite ite 
interface for more than 30°C of sub-cooli 
Stabilization of austenite by hydrogen E. G. 
Ramachandran and C. Dasarathy (Nature, 
1960, 187, Aug. 20, 684-685) .: letter. A 
method of austenitizing retaining H, in the 
metal has not been found, but increasing the 
H, content of metal still austenitic and before 
transformation to martensite has been effected. 
of martensite transformation in 
M. Doi (Bol. ABM, 1960, 16, July, 
497-518) A new mechanism of the ‘double 
shear’ type is pro . The homogeneous 
shear arises from the movement of a trans- 
formation dislocation, the orientation relation- 
ships can be established principally by two 
ty of movement of this dislocation. On the 
er hand, the habit plane can depend on the 
kinetics of the stress relief undergone by the 
transformation dislocation; from the kinetics 
proposed the operative glide plane observed in 
martensite in an Fe-—30%Ni alloy can be 
ded d (20 refs).—?.s. 





poe tity of intermetallic 
pam ee The migration of the alloy ele- 
ts from the dispersive phases into the solid 
solution at these temp is accompanied by a 
in h and an increase in the 


electrical resistance and im stigation 
Pera orn a of 18-4-1 as Cc r 
White and R. W. K. Honeycombe (JISI, 1961, 
197, Jan., 21-28) [This issue). 

recording of transforma- 
tions and oxide formation on iron in the elec- 
tron-emission microscope H. Diiker (Z. 
Metallk., 1960, §1, July, 377-381) The tech- 


nique of filming transformation phenomena 
and oxide film growth in the rapt 08 


poset ate ad lect itted 
asa of ion bombardment of tes object, is 


described and ures are shown of trans- 
formation in a 0-45%C steel and of the oxide 
formation on Armco iron.—r.«a. 


Determination of the transformation 
of steels by means of differential A, 
Kohn (Centre Doe. Sidér. Oirc., 1959, (8), 1819 








Evidence of a micro relief, indicative of 
shear H. Bibring (Acta Met., 1959, 
7, Oct., 684-685) [In French] A letter. Thin 
layers of a Co-—Ni alloy have been examined 
under the electron microscope. Electron bom- 
bardment brought the ace above 265°C, 
the B—>« transformation temp., and produced 
& micro relief supporting a mechanism of mar- 
tensitic shearing.—a.a. 

Retained austenite and the tempering of mar- 
tensite 8. Matas and R. F. Hehemann (Nature, 
1960, 187, Aug. 20, 685-686) A letter. A dis- 
cussion of the effects of austenite in the first 
stage tempering reaction and in bainite forma- 
tion is given and studies of C partition are 
briefly described. 

of low carbon 


Martensitic transformation 
18-10 austenitic steels during deformation at 
low J. Ménard and L. Weil 
(Compt. Rend., 1960, 250, June 20, 4160-4162) 
It is shown that traction tests repeated more 
than 10° times change neither the quantity nor 
the texture of the martensite formed by defor- 
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mation between 20° and 270°K. The quantity 
formed, a function of the temp., declines, at 
equal pressure to below 140°K. 


of martensitic 
. E. Lahteenkorva and R. F. 
Bunshah (WADC TR 54-330; PB 130380, 
1954, Sept., pp.42; from US Govt. Res. Rep., 
1960, 33, Supplement, April, 121; no abstract). 
of martensite reactions in metals E. E. 
Lahteenkorva and R. F. Bunshah (WADC TR 
54-331; PB 130381, 1954, Sept., pp.39; from 
US Govt. Res. Rep., 1960, 33, Supplement, 
April, 123; no abstract). 
The mechanism of the swelling of iron and 
steel A. A. Baranov and K. P. 
unin (Lit. Proizv., 1960, (1), 33-35) Experi- 
mental results justify the conclusion that dur- 
ing the swelling because of oxidation and the 
ats y transformation, the increase in volume is 
due not only to the formation of cracks and of 
oxides of small density but also to the forma- 
tion of small diffusion micropores due to the 
ial diffusion coefficients of iron, oxygen, 
and silicon being so very different. 
Studies on low-Mn high-strength steel. 11. 
Effect of various alloying elements on low- 
transition 


of 2%Mn 
nig h steel T. Saito and T. Fujiwara 
(Tetsu to Hagane, 1960, 46, Jan., 34-38) The 
transition temp. was much reduced with 
C<0-15%, but in the range 0-20-0-35% the 
reduction in C did not always improve transi- 
tion properties. Additions of Si, Cr, W, Ti, 
Ti-—B, and Cu were deleterious to the transition 
properties. Mo (0-5-0-6%) and V_ (c.0-1%) 
were effective addition elements (16 refs). 


Study of transformations 7—>§ and S—« of 


the binary uranium chromium, uranium 
pen ry uranium molybdenum of low chrome 

molybdenum contents during rapid 
ae J. De a eloploce and R. Bigot (Compt. 
Rend., 1960, oh, June 20, 4157-4159) The 


rapidity of cooling has little influence on the 
temp. at the beginning of the y—£ trans- 
formation of the alloys U-Cr and U-Fe and 
the B-+a transformation of the alloys U-Fe. It 
has however an important effect on the 7-8 
transformation of the alloy U-Mo at 2-8 at 
Mo% and particularly on the Ba transforma- 
tion of the alloys U-Cr. These observations are 
valid for cooling speeds below 5000°C/mm. 

Change-over from elastic to permanent de- 
formation during structural transformations 
D. M. Nakhimov (Metallov. Term. Obra. Met., 
1959, (3), 2-6) A description is given of work in 
which specimens were tempe while under 
stress (in the elastic range). The effect of pre- 
liminary tempering is considered. The effect of 
the martensite transformation on elastic 
deformation of steels in various states of 
temper was also investigated, and the use of 
clamping of parts in jigs during hardening in 
wen to avoid distortion, was mentioned. 

A modified phase diagram for stainless steel 
weld metals W. T. DeLong (Met. Prog., 1960, 
77, Feb., 98-100) The revised diagram pro- 
posed accounts for the austenitizing effect of 
nitrogen in the welding rod. 

Solubility of vanadium carbide in y-iron 
N. A. Savost’yanova and L. A. Shvartsman 
(Fiz, Met. Metalloved., 1960, (4), 515-519) It 
has been shown that the effect of Mn on the 
transition of the sparingly soluble V,C, into 
austenite may be interpreted as due to the fact 
that the presence of Mn in the solid solution 
reduces the activity coefficient of carbon. 

The effect of nickel on the rate of nucleation 
and oth tectoid K. Mazanec, 
J.Cadek, and J. Like’ (Hutn. Listy, 1960, 15, 
(4), 282-287) The effect was studied in two 
steels containing 0-30% C, 0-30% Mn, 0-25% 
Si, and 1% Cr, the Ni content being either 0-04 
or 1-:17%. It was found the Ni depresses 
appreciably the rate of ferrite growth, particu- 
larly with high degrees of supercooling, i.e. at 
700-650°C, The effect on the rate of nucleation 
could not be ascertained. The rate of growth is 
determined mainly by the rate of diffusion of 
carbon in austenite, the activation energies 
being close to 30 kcal/gram atom in both steels. 
An analysis of the isothermal ferrite reaction 
yielded an activation energy of about 36 kcal/ 
gram atom, and led to the conclusions that not 
only the growth rate but the entire kinetics of 
ferrite formation was controlled by the 
diffusion rate of the carbon.—P.¥, 
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Transformation and properties of the iron- 
nitrogen pi isothermal holding 1. ©. 
Kontorovich and L. G. Emel’yanova (Fiz. 
Met. Metalloved., 1960, (2), 216~223) The sur- 
face layer obtained in nitriding at 670° con- 
sists of a mixture of ¢+ +’ phases which change 
little with a reduction in the temp of holding. 
Both the microscopic picture and the hardness 

rsist in all the temp and periods of ageing 
investigated. Even a sharp quenching in water 
does not change appreciably the micro- 
structure and hardness of the layer. This layer 
forms during ageing in the nitriding operation. 
The kinetics of formation of the surface layer 
are in good agreement with the corresponding 
phase diagram of the Fe—-N system. At 550 
the decomposition of a eutectoid type takes 
place showing decreased hardness. At 500° the 
rate of austenite decay and the resulting lower 
strength characteristics do not depend on the 
N content in the nitrided layer. 

The condition of the crystalline lattice and 
the density of dislocations in the phase trans- 
formations of steels L. I. Mirkin and Ya. 8. 
Umanskii (Fiz. Met. Metalloved., 1960, (6), 
897-902) The fine intergrain structure of type 
45 steel (0-4%C) and of a steel with 0-4%C 
and 12%Mn) after quenching from 920-1200° 
and annealing at 200-700° was studied. The 
question of selecting a standard to determine 
the dimensions of the blocks with distortions 
of the IInd order is discussed. The method of 
determining the density of dislocations by the 
widening of the lines on X-radiographs is 
proposed for investigating the processes of 
thermal treatment. 

Graphitization of 8G-iron on tempering P. 
Ry (Slévdrenstvi, 1960, 8, (4), 141-148) A 
detailed study was made of the kinetics of 
graphitization and of the variables affecting 
the process.—pP.F. 

Investigating the decomposition of the 
su urated solid solution in manganese 
steel M. I. Zakharova and Van Chua-Fu (Fiz. 
Met. Metalloved., 1960, (2), 235-242) It has 
been shown that the disorientation of the 
blocks of the original solid solution does not 
increase continuously with an increase in the 
size of crystals, but that after attaining a 
maximum it diminishes again. A reduction in 
hardness and impact strength with the 
coagulation of the phase being eliminated was 
observed in many investigations and the 
diminution of these indices is due only to the 
increase in the size of the foci beyond a critical 
limit because of the increase in the surface area 
of the precipitated phase. 

investigating the martensite transformation 
in the isolated austenite of the carbon-free iron 
alloys A. P. Gulyaev and V. D. Zelenova ( Fiz. 
Met. Metalloved., 1960, (4), 525-529) By elec- 
trolytically dissolving the Kh17N9 austentic 
alloy, powders are obtained each particle con- 
taining the «+-+y phases. After subsequent 
heating to 1100° the powders consist only of 
the y-phase. The monocrystalline particles of 

-phase do not undergo a martensite trans- 
ormation on cooling, whilst the complex 
polyerystalline specimens of the same com- 
position do undergo this transformation. The 
particles obtained electrolytically of the 
mixture of the y+a phases undergo this 
martensite transformation on cooling. 

Concerning the non-diftusion tra 
of martensite into au V. N. L’'nyanoi 
and I. V. Salli (Fiz. Met. Metalloved., 1960, 
(3), 460-463) The paper is a criticism of the 
one by Sokolov and Sadovskii (ébid., 1958, 6, 
(3)) The conclusions there reported regarding 
the non-diffusion transformation of martensite 
into austenite are refuted on the strength of 
new experiments here reported, which show 
that with any rate of heating between 200°/ 
min to 800°/sec, martensite contours persist 
and only disappear when the specimens are 
kept at high temp for sufficient time to allow 
the cementite to dissolve. 

R the possibility of non-diffusion 
formation of austenite when heating steel V. D. 
Sadovskii and B. K. Sokolov (Fiz. Met. Metal- 
loved., 1960, (3), 463-465) A reply to the criti- 
cism of L’nyanoi and Salli (previous abstract). 
The ibility of the existence of a special 
non-diffusion mechanism for the formation of 
diffusion mechanism for the formation 


of austenite is maintained. When heating 
quenched steel the original austenite grains 


are regenerated. 

effect of the martensite 
transformation ©. P. Maximova and E. I. 
Estrin (Piz. Met. Metalloved., 1960, (3), 426- 
436) The appearance of an autocatalytic effect 
during the martensite transformation has been 
confirmed by the analysis and mathematical 
treatment of the data obtained from many 
experiments carried out to investigate the 
kinetics of the martensite transformation in 
Fe-Ni alloys. It has been shown that the early 
appearance of isolated martensite crystals 
exerts an autocatalytic effect on the later 
transformation. 


T against corrosion P. Chaumond 
(Mét. Electr., 1960, 44, May, 55-56) The work 
on cathodic protection undertaken by the 
specialized Belgian organization CEBELOR 
(Centre Belge d’étude de la corrosion) and its 
scope are briefly indicated.—s.4.-s. 

NI tables on the of metallic 
materials (Acciaio Inossid., 1960, 26, (6), 271- 
272) This is a brief explanatory note regarding 
the methods of carrying out laboratory tests 
for continuous immersion in aerated solutions 
set out in UNI 4261 and 4262. 

investigating corrosion resistance of s.g. cast 
irons alloyed with silicon T. Dumitreseu (Met. 
si Constr. Masini, 1960, (1), 24-31) It has been 
experimentally established that s.g. irons 
alloyed with Si are also superior to lamellar 
graphite irons as regards dimensional stability 
at high temp and resistance to oxidation. 
These irons may be divided into two groups 
according as their Si content is below or 
above 4-5%, Si. The irons of the first group are 
resistant to oxidation up to 850°, dimension- 
ally stable at high temp, have good tensile and 
bending strength and are easily workable. The 
second group irons resist oxidation up to 950° 
have increased dimensional stability and ten- 
sile strength but are slightly less ductile and 
more difficult to machine than those of the 
first group. 

The conditions for the formation of iron 
oxide incrustations N. N. Man’kina (Teplo- 
energetika, 1960, (3), 8-12) The greatest amount 
of damage to pipes is caused by boiling incrus- 
tations on their internal surfaces, the so-called 
iron oxide incrustations. The article reports on 
investigations concerning all the factors con- 
cerned in their deposition, concentration of 
iron, pH, heat load, valency of the iron, condi- 
tions of boiling, temp variations and the 
presence of different substances. The findings 
show that treating the water with hydrazine is 
an effective means of preventing such deposits. 


si Constr. Masini, 1960, (2), 101-106) The 
resistance to corrosion of these irons in an acid 
medium is here considered and experiments 
are described showing that inoculation of a 
8.g. cast iron with Mg results in a material with 
low carbon content within the limits prescribed 
for acid-resistant irons. Mg treatment reduces 
gas content and improves mechanical proper- 
ties. 

Study of the scale formed on sheet during hot 
rolling M. Cagnet and J. Moreau (Rev. Mé4., 
1960, 57, May, 437~444) Scale from three types 
of hot-rolled dead-mild steel (Thomas, oxygen- 
blown Thomas and OH steel sheet) was 
examined microscopically, and thickness, com- 
pactness, adhesiveness and composition of the 
seale determined. Operational factors influenc- 
ing the type of scale are also studied statist- 
ically. 


Removal of scale from stee! rod by stretching 
K. Sachs and T. Pitt (J7SI, 1961, 197, Jan., 


studies on cathodic protection 
on using the 
Hull cell. 1. Action of corrosion inhibitors K.S. 
Rajagopalan and Y. V. P. Ramachandra Row 
(J. Electrochem. Soc., 1960, 107, May, 379-385) 
In the study of inhibitor action it was found 
that the action of acid inhibitors is changed 
substantially under an impressed current. The 
tential of the cathodically protected metal 
1s not a fixed value but changes in the presence 
of an inhibitor. The inhibitor efficiency of four 
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inhibitors examined was: thiourea > gelatine 


>B -naphthol, > quinoline.—t.c. 
Corrosion and activity build-up in a power 
reactor ©. R. Bergen and J. Chu Und. Eng. 


Chem., 1960, §2, Aug., 699-702) Films of corro- 
sion products deposit and disperse from the 
stainless steel surfaces but the thickness 
increases at a decreasing rate while the activity 
builds up at an increasing rate. Inhibiting re- 


deposition may be the best solution. 
Intererystaling failure of stainiess steel in 
saline T. K. Ross (Corros. Techn., 1960, 


7, April, 122) Tubular gas coolers made of 
18/8 Ti-stabilized steel which behaved nor- 
mally in the Huey 65%HNO, test, the MgCl, 
test, and the Hatfield acidic copper sulphate 
test failed due to intererystalline cracking. 
Numerous pits and channels were rumen. § 
many of which completely penetrated the tube 
wall with the formation of @ corrosion product 
containing Cr and Ni. The coolant in the tubes 
was neutral well water containing 2000 ppm 
chlorides, and about 40 ppm total O, content. 
It was shown that the chloride was responsible 
for initiating the cracking, but that this was 
greatly sensitized by the presence of O,; also 
the extension of cracking was entirely inter- 
crystalline in the nee of both Cl~ and Og. 
Hence it is concluded that relatively low saline 
concentrations in association with oxidizing 
conditions can cause this type of corrosion. 

The rusting of copper aluminium alloys con- 
taining iron P. J. le Thomas, D. Arnaud, and 
A. Lethuillier (Rev. Mé. Mém. Sci., 1960, 6T, 
April, 313-323) A study of the Fe-containing 
constituent shows that the solid solution of 
this constituent is responsible for the rusting 
process. The effect of Ni additions is con- 
sidered (10 refs). 

Anin ation of intergranular oxidation in 
stainiess steel M. J. Sinnot and C. A. Siebert 
(A D-46901; PB 130018, 1954, Oct., pp.39; 
from US Govt. Res. Rep., 1960, 33, Supple- 
ment, April, 121; no abstract). 

Growth of sulphide films on steel KR. B. 
Campbell, L. Grunberg, and H. M. Scott 
(Nature, 1960, 187, Aug. 13, 588-589) A letter. 
Extreme pressure lubricant action was exam- 
ined, the films being produced by dibenzyl 
sulphide or by free 8 labelled with 8. 


Effects of frequency on corrosion 
carbon steels} K. Endo and 


“a h [of 
Y. Miyao (Bull. JSME, 1958, 1, Nov., 374- 
380) Fatigue tests of three materials under 
alternating plane and rotating handling were 
made at various cycle frequencies with corro- 
sion in —_ water and in salts. At low fre- 
quencies the number of breaks is leas than at 
high frequencies. Stress ge given under corro- 
sion fatigue increased to o,k owing to notch 
effects of corrosion pits. For corrosion fatigue 
fracture under varying stress amplitudes the 
cumulative damage criterion 2n,/N,;=1 was 
found to be applicable.—s.u.-s. 

cracking of steel in molten 
zine W. 0. Wetmore and G. C. Woolsey jun. 
(NOTS TM-170; PB 129644, 1048, Nov., 
pp.159; from US Govt. Res. Rep., 1960, 33, 
Supplement, April, 124; no abstract). 

The A C resistance of a stainless steel elec- 
trode and specific adsorption G. M. Schmid and 
N. Hackerman (J. Electrochem. Soc., 1960, 107, 
July, 647-651) The ac resistance of a stain- 
leas steel wire electrode was measured as 
related to the type of electrolyte, the polarizing 
current density, and the frequency of the 
measuring current. K*+ was shown to be more 
adsorbed than Na* during cathodic polariza- 
tion, and Cl- more than F- during anodic 
polarization. The method seems suitable for 
testing the adsorbability of neutral surface 
active substances during de flow.—s.#.-8. 

The effect of additives on the water-induced 

of ball bearings L. Grunberg and D. 
Scott (J. Inst. Petroleum, 1960, 46, Aug., 259- 
266) Commercial isoamy! alcohol was most 
effective. Oleic acid and triethanolamine 
increased pitting. Phenoxyacetic acid and pro- 
prietary ‘dewatering’ agents were not effective, 
nor were benzoate and nitrite. The results are 
disct 

Basic requirements of corrosion control. (Cor- 
ros. Techn., 1960, 7, Apr., 114-117). Marine 
cathodic protection is di d, and thod 
capable of providing complete and continuous 
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significant damage and the 
4-amp tube only over a 6-ft zone. Corrosion 
potentials are correlated. 
Protection of metals. |. Cathodic protection in 
against M. Serra 
(Rev. Ciencia Apl., 1960, 14, May-June, 206- 
216) In a review of the numerous investi 


ance discusses the principles of i 
as a method of reducing or ent- 
ae . Methods of im- 


(16-16), ine 10, 198-203), A lecture delivered 
at a meeting of the » Teviewing the 
present-day trend in protection and 
pointing out that the actual savings are v 
much greater than expenditure for the 
protection.—.@. 

for seem 
Corros. Techn., 1960, 7, April, 103-106) 
system of the 6-in uct Haifa 


to Tel Aviv and rnd pare oil Ashdod- 
Haifa perce parr Part 2 (J cgi ee gael In this 


a design pro! 

tions of wack, aeeiahin, oad nanan 
in connexion with the ion o' 
these pipelines. 


Cathodic Dg ag tte of marine 
=. H. Hopwood (Corros. Techn., 
1 7, April, 118-120) The use of cathodic 

ion systems for the corrosion protecti 


pk entice eare-rym De gel 
to the distance of the anode from the 
cathode,” 


SEs Crees ae eg ee Senet 
Telephones and Cables Ltd (Brit. Eng 

1960, 43, Sept., 48-49) An account 
of the Sen Ter Cet equipmment. 

Corrosion resistance of stainless steels. VI. 
Corrosion under stress %. Colombo (Acciaio 
Inossid,, 1958, 25, (6), 173-185) The nature of 

i and also the nature of 


the 

under stress are 

given. Vit. Pitting, 1 (1959, 26, (1), & o12)"thie 
article examines more closely the phenom- 
enon of pitting and considers ly the 
problem of electrochemical . It is shown 
pcr Se oe nest on entre ey Ale vse 


f 
Vill, Pitting, 48 ( (2), v7-83) The 62) The second os 
discusses the quantitative influ- 


distinguish between the effects of the sigma 
and of carbide precipitation. X11 ( (6), 
5-260) This article describes the effect of the 
omen phase and carbide precipitation on inter- 
granular corrosion of 316 and 316L stainless 
steels and describes tests which aim at dis- 
between the two effects (80 refs). 


XH. E of the and carbide 
a sigma phase pre- 
stainless steels 316 and 316L (1960, 27, (1) 


317-345) The conclusion resulting from this 
investigation is that the presence of a continu- 
ous network of precipitated carbides at the 
grain boundaries makes 316 steel susceptible 
to severe attack in presence of sulphuric, 
lactic, acetic, oxalic, citric, and phosphoric 
acids. For 316L stzel the sigma phase does not 
produce severe intergranular attack by any of 
the corrosive agents considered. If the sigma 
phase is present in continuous form at the 
grain nomndasion, 316L is severely attacked in 
the standard test by nitric no 

recommends the adoption of a standard meth- 
316L steel which must be sensitive 


.. Cr oo ides rere eng being 
‘ected S Ieee +3%HF is 
° OKIV. Kate line attack’ in stabilized 


nless steels (. Colombo ( (2), 397-412) The 
conclusions are that knife line attack occurs in 
welded stabilized steel type 347 and 321 welded 
and thus exposed to stress relieving or in some 
way exposed to temp. between the range of 
sensitization in the presence of HNO, or its 
mixtures. It is necessary to show that only 
stabilized steels do not require stress relieving. 
The latter may only be necessary when owing 
to the presence of chloride or similar solutions 
@ corrosive attack is likely during operation. In 
these cases as in those in which there will be 
operation at temp. between the interval of 
sensitization and the presence of very corrosive 
fluids, steel restabilization treatment must be 
earried out after welding to reprecipitate the 
carbides of the stabilizing element at temp. of 
the order of 850-900°C (stress relieving-treat- 
ment) or even at 1050°C (normal annealing 


oo a 
aes up method assessi| 
of metals cracking 
G , P. A. Akol’zin, E. N. Ivanov, ‘a 


E. . Gromova (Zavods. Lab., 1960, (3), 340— 

341) In the existing method by 
TMASh, the chief criterion of the 

tendency of steels to corrosion cracking is the 

reduction of their plastic ies in liqui 
i poser ey Sepsis cieeae Sak Soe 

Ty pe ee 


“Eaiect of ct are ial, 
on 

behaviour of steel N. D. Greene, (J. 

Electrochem. Soc., 1960, 107, May, 457-459) 

The p csdciepanepguast dbnpenthe 

dissolution kinetics of type 430 stain- 


ete The primary passive potential and 
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the critical anodic current density are essen- 
tially the same in the presence or absence of 
dissolved O,. These results are, however, not 
consistent with adsorbed O, theories of 
passivity. (14 refs.)—r.a. 

Corrosion studies on the steel tubes of an 


He Gieocke, W. Prone sugar industry 
H, Gieseke, W oo weclbegdh ag sell eng | 


F. Schneider (Werks. Korros., 1960, 11, June, 
337-347) Corrosion in the evaporator tubes, 
formerly considered to be due to O a 
to be saath caused by the entry of Cu, 
to the formation of e potenlytie cells. Bo refs. 

between accelerated 
natural K. Bartoh and E, 
Beranek (Werks. Korros., 1960, 11, June, 348- 
351) A description is given of an accelerated 
test the results of which are com le with 
those of natural corrosion tests. tests were 
carried out on carbon steel and zinc. A method 
of calculating the acceleration coefficient is 
given. 

The corrosion resistance of 13KhM steel in 
distilied water at 330° under a pressure of 
130 kg/cm?. V. ¥, 

va (Tep etika, 1960, (4), 42-47) 
The investigations were carried out in distilled 
water saturated with air or oxygen and with 
additions of hydrazine. The findings shows that 
at high and temp the corrosion of 
this steel is of an electro-chemical nature. The 
rate of the cathode process is conditioned by 
oxygen diffusion into the metal surface. 

Electrical 














resistance method for investigating 
corrosion and failure of steel at high tempera- 
tures E. A. Kovalev (Zavods. Lab., 1960, (3), 
296-298) To determine the moment of the 
———— of cracks which later cause failure 
of the metal under stress, @ relation between 
the destruction of the ‘compactness’ of the 
age ¥ eee of cracks) and the changes 
cal resistance caused by a 
cracks was investigated. A special ap 
is described. Equations have been evo rte to 
calculate the critical reduction in the dia. of 
the imen and the rate of corrosion from 
the electrical data. This method may be used 
to investigate the kinetics of scale formation 
and of metal failure at high a: 


to i 
ton of stots and Mac toadenay to ponst 
Vv Bac cry and I. L. 


Rosenfel'd (Zavods. Lab., 1960, (3), 288-290) 
A method is described for determining the 
resistance of passivated steel to point corrosion 


ial apparatus with automatic 
recording. IKhISN9T and Khi18N12M3T 
steels were investigated in 0-1 w NaCl. Anode 
charge curves were plotted first with a very 
slow rate of feeding the strip through the 
machine, which shows the range of fluctua- 
tions, and then with a very rapid rate of feed, 
from which the form of the fluctuations may 
be seen. Tables are given for the rate of 
fluctuations per min for the limiting values 
of these fluctuations, from which the changes 
in the potentials may be obtained. 
ue constant voltage source and its 


™ 
Stainless ctoste Bi. x. Fokin, N. M. Kurtepov, 
Vv. K. Zhuraviev, and A. F. Vinogradov 
(Zavods. Lab., 1960, (2), 219-223) Schematic 
diagrams are given for a few t of elec- 
tronic constant-voltage sources by means of 
which it is possible to study structural 
corrosion of stainless steels over a wide range 
of potentials, ex the unstable transition 
= from the active to the passive state of 


saPrtacting te pips of the, eating network 
from external corrosion we 
materials V. B. Vital’ev and! D. A. Grosman 
(Teploenergetika, 1960, (4), 47-52) the use of 
new non-metallic materials has given good 
results. These are derivatives of bitumen and 
are recommended by the VNII Asbestos 
Cement. For example Borulin, which consists 
of 70-75% bitumen and 25-30% asbestos; 
Isol, consisting of rubber crumbs: Borulin 
itty; game Hosen compound mixtures, etc. 
ve increased the service life of pipes 
aaaais tos an asad eset ik Oe 
thickness of the poe manage thus has saved 
great amounts of steel. 











ANALYSIS 


Regardi steel analysis 
temperatures a ae tn I. Ya. ./ 


skii, and A. A. Pozdeev (Zavods. Lab., 1960, 
. 201-203) To obtain reliable data 

of may steels to deformation at 
high temp, 16 t of steel were investigated 
at 900-1200° rapid upsetting, on a 
friction press operating at a speed of 180 mm/ 
Bec CO a deformation rate of 
75 e i us and the 
oscillograph curves are explained. ie 

of o 

metals bromi Re Burand 
and F. Nouyrigat (Rev. Mét,, 1960, 57, April, 
347-353) Dissolved or oxide O is transformed 
into CO by bromination in the presence of nh 
at 1000°C; the CO is oxidized to CO, and 
determined conductimetrically. Dissolved and 
combined O can in some cases be differentiated 
(12 refs.) 

The determination of oxygen mere ie 
nitrogen in steel by vacuum Sain ade and 
M. Mandl (Hutn. Listy, 1960, 25, (3), 195-200) 
The development and use of equipment for the 
gas analysis of steels are described.—r.F. 

A simple of boron determination in 
steels E. Mustacescu (Met. si Constr. Masini, 
1960, (3), 244-246) The method is an adapta- 
tion of the Russian method evolved for 
determination in ores containing 0-01-0-5% B; 
Coots and Moracheskovo ‘Analiz min- 

eral’novo syriya’ Leningrad, 1956), to steels, 
and is based on the Rodin perty of mannitol. 
boric acid of liberati odine from an iodate— 
iodide solution. It is c' ory that this method 
does not require aero apparatus such as 
quartz containers, nor twice-distilled water, 
ete. Ordi reagents are used and the 
analysis is relatively ra) id, taking about 5 h. 
The accuracy is + 0-000 3%. The method can be 
used in factory laboratories 

Application ec! in the 
gaseous phase tea determine h 
snd oxygen in stools and castings Tyou 
(Hierro y Acero, 1960, 13, Apri 383-391) 
After describing the principles of gaseous 
chromatographic separation and those of 
thermal and ionization conductibility by beta- 
rays, the practical uses of H, and A as eluent 
— in chromatography for the purpose of 

appreciable sensibility optima in 
quaniianive analysis are described and com- 
pared.—s. H.-s. 

Investigating the accuracy of 
OH slag analysis K. I. Ionova ( 

1960, (5), 581-587) An important pooh of 
the total error involved in the spectrographic 
analysis of OH slags in solution is the error 
due to the uncontrollable conditions of the 
e of the slag into solution. A change in 

the acidity of the solution reduces accuracy. 
The acidity must be kept as constant as 
possible. An increase in the weighed amount by 
& factor of 2-5 does not change the prone oy 

A plasma source for the 

Yu. K. Kvaratekeli ( ‘ow sen, 

(5), 557-559) An arrangement oF & new type 
of t source termed a ‘plasmatron’ is 
described. Inside a chamber under a pressure 
of 0-4-0-7 atm. is introduced a monoatomic 


of a de arc emerges from the chamber 
through openings in the cathode tthe absorb- 
the A proportion of the oe 
oss ad page a oa assumes the shape 
tate a wodivo The portion of the tongue outside 
the chamber is the source of light. Its tempera- 
ture reaches about 10000-11000°K. 
Reports of 19th Committee, ist Sub-Com- 


mittee (A ) Japanese Society for the 
Promotion of Science ( PUT etow to Hagane, 1960, 
46, July, 803-807). 

The determination of in steels (with 


agg ning ing J. T. Berry and 
Allan (NCRE/R, 379, 1957, Oct., pp.49) 
A critical review of yore @ work and o. 
cription of apparatus for we in contro 
= aad for the determination of = 
are given. ‘Diffusible’ and ‘residual’ H, are 
discussed (104 refs). 

Determination of aoa in metals: a 
carrier method F. R. Coe (Research, 1960, 
13, Aug., 323-327). 


of in 
chromiu steel. |. -— © 
and G. A. Consolazio (WAL 691 43; ob 
127573, 1955, March, pp.21; from US Govt. 


Res, Rep., 1960, $0, Gxpplomant, April. 30; no 


). 

Determination of nitrogen in steels J. Liop 
Llop (Inst. Hierro Acero, 1960, 67, May, 532- 
535, a Number) It is pointed out that the 
standard methods for N, determination take 
from 2 to 8 h. A method which em ys @ new 
distillation apparatus is described; with this 
the determination time is some 20 min and the 
method is very suitable for bath control 


ge 

detente at thee enrol pon ts 
n 

metals W. McMahon and L. 8. Foster (WAL 


805/5—-1; PB 127566, yr Nov., ee ti 13; from 
US Govt. Res. Rep., 1 pplement, 


April, 30; no 

Rapid estimation 
of tervaient chromium J. Allard, M. Bonne- 
may,and C. Darrécamp (Chrome Dur., 1959-60, 
33-39) This article describes in detail the tech- 


ABSTRACTS 107 


within either a determined transmittence or by 


using « differential technique. 
The influence of carbons on 
. Rissmann 
(Met. Ital., 62, June, 280-288) The 


influence of Pn Ay and carbon on the prob- 
lems of spectroscopic analysis is examined. 
The graphite group has a resistivity of 1750 
microhis/em while the carbon group has a 
resistivity of 4500 microhms/cm—for same 
excitation energy « difference of 700°K exists 
between the temp. of the do aro for the 


two groups. of the de are flame 
during the excitation of regularity of the of low ioniz- 


ing potential (e.g. alkalis) is discussed as well as 
the thermal conductivity of the electrodes and 
the effect of the carbon on the analysis of 
— 
A study of the calibration of 

Passeri (Met. Ital., 1960, 62, June, BT 279) 
The Fete a of function is determined which in 

direct reading spectrometers relates the con- 
centration of an element to the indication on 
the recording instrument. This is applied to the 
calibration technique. From the formulae 
ined data of practical importance are 





niques employed in measuring potenti 
metrically tervalent chrome. 

Separation of niobium and tantalum 
liquid extraction D. I. Ryabchikov and M. P. 
Volynets (Zhur. Anal. Khim., 1959, 14, (6), 
700-704) The effect of various conditions on 
the distribution of Nb and Ta fluoride com- 
plexes between aqueous and tributyl phosphate 
phases is examined, and a method of separa- 
tion suitable for the analysis of binary Ta~Nb 
alloys developed (25 refs). 


Analytical applications of ene 

quinoline (thioxine) 4 its derivatives, 8- 
method for the ———— a 

rhenium in the presence 
tungsten and other elements Fu. A. a 
skii, A. F. Ievin'’sh, and E. A. Luksha (Zhur. 
Anal. Khim., 1959, 14, (6), 714-720) Re thio- 
oxinate is formed in 5-11-75 ~ HCl, and deter- 
mined photometrically in concentrations of 
5-200 y or more, in the presence of relatively 
large excesses of the above and other elements 


(36 refs). 
Analytical of zirconium. |. o- 
Cresotic and acids in the deter- 


mination of zirconium V. V. Subbanna and 
A. K. Bhattacharya (Anal. Chim. Acta, 1960, 
23, Aug., 145-146) Th is not separated and Fe, 
Cu, or uranyl require double pptn. 

of impurities contained 
in iron ores G. Odone and G. Picasso (Chim. e 
Ind., 1960, 42, (6), 598-605) A series of rapid 
methods for the polarographic determination 
of the contents of the following elements in iron 
ores have been developed. Cu, Pb, Zn, Ni, and 
8n. Special precautions eliminated interference 
by certain ions. These rapid methods give 
much more accurate values than those result- 
ing from ordinary chemical methods. ws 
by this method can be pleted within 2 ,& 
considerable reducti ed with previous 


practice. 


of sulphate in chromium 

ing solutions G. L. McKinley and A, 
Jones (Plating, re 47, June, 634— 

636) An evolution method for the determina- 
tion of sulphate is described. Sulphate is 
reduced to sulphide —_ sy eg hypophos- 


hite. Liberated H d 
nSO, solution. KI- “KIO, cshutien is then 
used. The method is precise and has an accur- 
acy porn +1%. Time required for a determina- 
tion is 14 h. 











Spectrophotometric studies and L. 
Rieccoboni (Met. Ital., 1960, §2, June, 289-305) 
The theories for the general application of 
Beer’s law are briefly described. The author 
then examines the correlation between instru- 
mental error and consequent relative error of 
concentration. The deviation from Beer's law 
is analysed with indications how with the aid 
of filter photometers can be improved 
Sy sainp Gcugls of enphdesl tranasaioane 
functions which ean be deduced from the 

ion spectrum of the ——— 
examination. After assuming that the lighs 
source is monochromatic and allowing « 
certain instrumental error it is shown that the 
effect of the error itself on the concentration 
measurement can be minimized by working 


devised, the value Pot the zero in a given 
calibration and the most convenient working 
straight line for the cases in which the relation 
between concentration and instrument reading 


is not linear. 

methods for the analysis 
of HA. oo and A. Devoti 
(Met. Ital., 1960, 62, June, 341-354) This 
article summarizes the methods in current use 
at the gm SPA Genoa, laboratory, for 
measu rophotometrically the Mn, Ni, 
Mo, Nb ow , V, Co, and Cu content in 
steels. These methods have been modified in 
relation to the + yo Fo ey oe 
apparatus used. (Spectrophotometer - 
mann. DU with cells from 1 em thick.) 

The determi in steel by 
direct the quanto- 
meter ARL 1:5 m PCQ Ne.7200 G. Bianchi 
(Met, Ital., 1960, 52, June, 331-335) The possi- 
bility of determining P in steels containing 
0-10 to 0-60%Cu using the P1 2149-11 A line of 
the third order is examined. From an examina- 
tion of the variations on the analytical curve in 
relation to the experimental conditions the 
limits of error of the measurements can be 
deduced. The method used for routine analysis 
is described. 


phorus in steel, iron, and iron ore using 
m blue G. Picasso (Met. Ital., 1960, 


52, June, 358-365) The abso ae 
of pad oe blue complex in bobuty alcohol 

fferent from that obtained in aqueous solu- 
tions: two characteristic absorption 


oceur at 626 and 725 my ively. The 
system follows Beer’s law for horus con- 
centration between 5 and 8 y working with 


1 cm cells and at 725 my. Various methods are 
proposed for eliminating interference due to 


arsenic. 
of niobium in 
N. Yarasevich and K. A. Semenenko 
(Zhur. Anal. Khim., 1959, 14, (6), 705-709) Nb 
in concentrations of 0- 009-—0- (elt and pyre 


on 8i0, in the gelatine 
ioolid, and Aetametass 


method is suitable for Nb ln 
gneisses and granites. 

A method for the analysis of 

aluminium . Porta (Met, 


refractories A 

, 1960, 52, June, 320-325) The methods 
described allow for the tometric deter- 
mination of SiO, and Al,O, in the range of 20 
to 75% and the spect 
of low concentration elements (Fe,0,-Ti0,- 
Ths, and tho resulte obtained suagest the adop- 
2h, t its est t 
——S eth a analysis. 

ae oo (Mea. Ital., 


fluorescence X 
1960, wo dis 314) vane Mere has 
ral ysis using X-ra ied on 
cnighly effective industrial Sesabes Tee io due 
mainly to electronic methods of evaluation and 
also to progress in the production of the prim- 
Oe ee oe 
thod rei Good results in sim 
enalytical rfeow « ean be obtained even 
non-dispersive systems which use combinations 
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ees with suitabl 
systems. A of the disper- 
pies i ae spe 
Elementary ~spectrography 
(Suevesnenee) analysis by, Favre, and C. 
(Chim. Anal., 1960, 42, Aug., 388- 

404) The final article in the series. 





ag strength heat-treated bolts of type St 5 
— I. Gladshtein (Stal’, 1960, (8), 764-767) 
A st udy leading to the replacement of the more 


40Kh is 
(Mé. “Constr. Méc., 
1960, 92, June, 477-481) The use of stainleas 
steel for tanks, pipes, tubes, etc., in the oil 
industry and also in electric power stations 
and the precautions to be taken in their use 
——. —~B.H.- 8. = 
at 140 i (2000 p.s.i.) and 
es 060°F) A. V. Ratner and A. 8. Pani- 
Metallov. Term. Obra, Met., 1959, (3), 
28-32) “The development of a pearlitic steel 
with satisfactory properties for this purpose is 
described. The composition was 0-24%C, 
0-36%Mn, 0:17%8i, 0-032%8, 
1-23%Cr, 0-O01%Mo, 0-98%V. 
found that, after nitriding or boridizing, this 
steel could be used for spindles for use at this 
temp. 


ex) eg 


cold formed light gauge stee! 

G. Winter (AISI Reg. Techn. Meet., 

1959, 53-84) A brief survey of design specifica- 

tions with illustrations of different forms of 

light gauge steel construction in the building 
field and an account of testing met 

The - of light- — construction in 


B. Konig (Technik, 1960, “why 7 529-534) 
The author shows that the higher price of light- 
metal constructions as compared with steel is 
no hindrance to the use of Al alloys, as they 
have qualities which are in many cases super- 
ior to those of steel, for instance lower weight 
and better corrosion resistance.-—T.G, 

Stainless steel in building and in architectural 
decoration A. G. Amoroso (Acciaio Inossid., 
1960, 27, (3), 433-445) The article describes 
the use of stainless steel in building and archi- 
tectural decoration with numerous illustra- 
tions and summarizes the characteristics of the 
steels required for these uses and classifies the 
uses and criteria for the choice of the appro- 

ality for use. 
Prigtainless. steel steel in the textile and canning 

(Acciaio Inossid., 1960, 26, (6), 288 

303) These two articles describe and illustrate 
the use of stainless steel in plant and machin- 
ery on show at the International Textile 
Machinery Exhibition at Milan in 1959 and the 
14th International Packing and Canning Fair 
at Parma in September 1959. 

Stainless steels in the chomical industry P. 
Bachmann (Corros. Techn., 1960, 7, July, 199— 
203) The generalized film theory and electron 
configuration theory are outlined in relation to 
the corrosion resistance of stainless steel; the 
uses of these steels in chemical industry, and 
the corrosion of these steels are discussed. 

Stainiess steel in the human organism 8. 
Scalas (Acciaio Inossid., 1959, 26, (4), 157-163) 
This note gives illustrations of the use of steel 
in surgery, particularly in false limbs. It is nec- 
essary to have a steel which is completely inert 
chemically with regard to human tissue and 
for this, type 18/8 stainless has shown itself to 
be Pape yar suitable. 

iniess steel in the field of nuclear 

(Acciaio Inoasid., 1958, 26, (6), 186 

198) This article describes the effect of nuclear 
radiation on the various elements of which 
stainless steel may be composed. Tables show 
the cross-sections for some radioisotopes and 
their concentration in the various elements. 
This enables radioactivity to be calculated 
after exposure to radiation in a reactor and 
mechanical resistance elongation and variation 
in hardness followi exposure to varying 
degrees of neutron iation. Various types of 
reactor are described in relation to the prob- 


By ee 
con- 
struction of nuclear reactors L. Scuri (Calore, 


1960, 31, May, 253-258) The physical and 
mechanical requirements of materials used in 
nuclear reactors are reviewed. It is important 
that the steel used should not have an ex- 
cessively high rate of neutron absorption and a 
list of steels is given which fulfil this require- 
ment. Another important factor is the effect 
of radiation on mechanical characteristics. 
Tests show that the adverse effect of radiation 
became less as temp. increased. It is concluded 
that account must be taken of the results of 
various heat treatments in order to select the 
best method for the various requirements. 


HISTORICAL 


The ‘Eisenbibliothek’ in the former monas- 
tery ‘Paradies’ a centre of industrial historical 
research K. Schib (Schweiz. Arch., 1960, 26, 
June, 217-220) [In French and German) A 
brief survey of the ‘Eisenbibliothek’ founded 
in 1948 by Georg Fischer Aktiengesellschaft 
Schaffhausen. In the first decade the library 
accumulated almost 20000 books.—t.«c. 

Abraham D (1678-1717) and the - 
ning of the coke iron industry H. R. Schubert 
(Stahl Bisen, 1960, 80, 18 Aug., 1160-1162) A 
short historical account of the first successful 
application of coke in the production of 
foundry iron.—t.«, 

ng of iron by the Etruscans 
(Trattamenti Term., 1960, 3, Jan.—Feb., 5-14, 
After a brief description of the development of 
the Etruscan civilization an account is given of 
investigations made by Prof. C. Pauseri, 
Director of the Experimental Institute of 
Light Metals at Milan, into methods of heat 
treatment used in the manufacture of certain 
weapons dating back to the 2~4 century B.C. 

Ambrose E. N. Simons (Brit. Steel, 
1960, 26, Feb., 48-49, 55) A biographical note 
of the founder of the Crowley ironworks, 
Winlaton. 

LKAB and its importance for Northern 

K. Dahlum (Tek. Ukeblad., 1960, 107, 
June 23, 525-534) A history of the develop- 
ment of the iron company Luossavaara— 
Kirunavaara from its formation in 1890 until 
1957, when it was largely acquired by the 
Swedish Government. The importance of 
Narvik harbour, and the possibilities of increas- 
ing exports through various Norwegian har- 
urs are discussed, with particular reference 
to the new harbour facilities being installed at 
Rombak Fiord, north of Narvik. 


ECONOMICS AND STATISTICS 


tron ore and steel A. W. Knoerr (Hng. Min. 
J., 1960, 161, Feb., 118-119, 144) US steel 
consumption ‘figures and probable trends of 
iron ore production and requirements over the 
next few years are estimated. 

The struggle to accelerate technical 
in metallurgy must be intensified (Stai’, 1960, 
(8), 10-11) Statistics of production achieved 
and expected are given in view of the seven- 
year plan and the 21st Meeting of the Party. 

The service life of metal L. L.. Zusman (Stal’, 
1960, (8), 758-762) An economic survey has 
been made to examine the rate of steel pro- 
duction and machine and other goods replaced 
which appeared to show that metal was giving 
a reduced service life from obsolescence and 
other causes. It is concluded that wear is pro- 
ceeding at a higher rate with more intensive 
use and that there will be a tendency for a still 
further reduction in service life. 

Long trends and problems of the 
European steel en (United Nations Secre- 
tariat of the Ec for Europe, 
1959, pp.176) Arising wc of the 1949 inquiry 
by the ECE Steel Committee, in 1956 the 
Committee decided on a further comprehen- 
sive inquiry into long-term requirements of 
steel products in Europe and the rest of the 
world — the next 15 years. The outcome of 
this inquiry is a series of interrelated forecasts 
in whien the many aspects of steel production 
are reviewed and future trends are indicated in 
a report by the ECE secretariat, without in 
any way attempting to es down a ‘plan’ or 


Pp ©’ for the industries of the 
worn — -8. 


p'anning in the iron and steel 
dustry part ML. Mayre (Neue Hiitte, 1960, 5, 
om une, 322) Planned operations and dis- 
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patch systems with reference to East German 
practice are described. 1] (July, 399-406) The 
central planning of the output of the various 
iron and steelworks of the German Democratic 
Republic as customary in socialist countries is 
described and the difficulties arising from such 
central planning are indicated.—T.@ 
Production 


for an integrated steel 
A. E. Lawrence (Iron Steel Eng., 1960, 


, May, 133-139) A general review is given of 
the background, organization, and functioning 
of production planning at division and works 
level in integrated steelplants. 

Stainless at the 38th Milan Fair 
(Acciaio Inossid, 1960, 27, (3), 446) This is a 
brief note on the growth of the demand for 
stainless steel as evidenced by the exhibits and 
stands at the Milan Fair. No strikingly new 
uses are noted. 

Chrome J. W. Warde (Eng. Min. J., 1960, 
161, Feb., 142-144) Consum ption and produc- 
tion of chrome ore in the US for 1959 are dis- 
cussed, and comparative histograms for earlier 
years are reproduced. 

Cobalt J. H. Bilbrey jun. (Eng. Min. J., 
1960, 161, Feb., 137-138) 1959 production and 
consumption figures for the first nine months 
are given and analysed. 

Columbium-tantalum W. R. Barton (Eng. 
Min. J., 1960, 161, Feb., 126) Production of 
Nb-Ta concentrate, the metals and their 
alloys, and their outlook are discussed. 

re ss M. Warde (Eng. Min. J., 1960, 
161 140-141) Estimated production, 
consumption, imports, and stocks in USA for 
1959 are compared with similar data for earlier 
years. 

Molybdenum W. McInnis (Zng. Min. J., 
1960, 161, Feb., 138-139) Production, con- 
sumption, and prices of Mo and Mo products 
for 1959 are reviewed, 

Nickel J. H. Bilbrey jun. (Eng. Min. J., 
1960, 161, Feb., 139-140) 1959 production and 
a ee tion statistics are given. 

um D. P. Eigo (Eng. Min. J., 1960, 
18 Feb., 133-134) Production, market posi- 
tion, and prospects of sponge Ti and Ti alloys 
are discussed. 

Tu m R. W. Holliday (Eng. Min. J., 
1960, 161, Feb., 139) US production and im- 
ports of W for 1959, prices, and research pro- 
grammes are outlined. 

Vanadium D. P. Eigo (Eng. Min. J., 1960, 
151, Feb., 144) Estimated 1959 consumption 
of and production of high-purity V, Ferro-V, 
V oxide, etc., are summarized and compared 
with the 1958 figures. 


MISCELLANEOUS 


Technical information services in Germany, 
Luxembourg, um and Holland ‘ Sewell 
(Aslib Proc., 1959, 11, Oct., 240-265 

Symposium on pilot plants in metallurgical 
research and development (Iron Steel 
1959, 3, Aug., 39-40) The objects and scope of 
the rh bm tog are reviewed. 

Conference on the comprehensive mechaniz- 
ation and automation of metallurgical plants 
M. P. Zolotarev (Stal’, 1960, (7), 671-672) 
Brief abstracts of some of the 40 papers 
delivered at Kuznetsk in March are given. is 

Steel plant uses of data processing in provid- 
ing, scheduling and shipping W. N. Spray 
(AISI Reg. Techn. Meetings, 1959, 147-160) 
A brief survey of machine data processing and 
of the plethora of so-called automatic computer 
systems, criticizing the drawbacks and delays 
inherent in installing and operating large-scale 
digital computers and the fact that they are 
mostly designed for office control, together 
with the need for data processing being 
‘designed into the mill’ to increase flexibility of 
the business. 

Solving ae | problems with electronic 

O. Blattner (AISI Reg. Techn. 
Meetings, 1959, 271-284) The use of electronic 
computers for other than accounting purposes, 
such as the mathematical treatment and solu- 
tion of operating and production problems, is 
described and the benefits associated with them 
are discussed with the use of codes and pro- 
mes and the selection of suitable operat- 
ing personnel. ae of types of problems 
and appropriate methods of solving them are 
given. 








Now you can record 
from 2 to J A. points 


on one Honeywell ElectroniK Recorder 


First the Modular development simplified 


The new UNIVERSAL ElectroniK design and maintenance. Now 
Honeywell introduce an ElectroniK potentiometer 
Honeywell Multi-point that increases the scope of accurate 


multi-point recording — variety of points, speedy 


Potentiometer — another change of range and type of measuring elements. 


great achievement 2, 3, 4, 6, 8, 10, 12, 16, 20 or 24 points 
can now be recorded on every Honeywell 
in ElectronikK design multi-record non-control recorder. 


Changeover is easily made in seconds. 


All yOu Replace print wheel- —_— Replace shorting plug unit Change the range of the 
4 cum-indicator dial, on special input terminal board instrument by slipping in 
ave fixed by a thumb nut. inside the instrument. new resistors. 


to do Different detectors can be compensated for by introducing new input terminal board. 
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Recorder. Please send me Spec. Sheet 153-23-HB 
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FOR 
HIGH DUTY 
AND 
MALLEABLE 
CASTINGS 








The seven standard grades of Stanton Dale Refined Pig Iron 
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SILICON% | 1-9-2-1 | 1-4-1-6 | 0-9-4-1 | 2-25-25] 0-9-1-1 | 1-4-41-6 | 1-9-2 











SULPHUR% | 0:06 | 0-07 | 0-08 | 0-05 | 0:08 | 0-07 | 0:06 


| 
| 








| | 
| | 


PHOSPHORUS, | 06-07 | 0:6-0:7 | 0:6-0:7| 0-405 0:25 | 0:25 | 0-25 











MANGANESEY, | 0-8-1-5 | 0-8-1-5 | 0-8-1-5 | 0-8-1-5 | 0-8-1-5 | 0-8-1-5 | 0-8-1-5 


TOTAL CARBONY, 9.7-3-0 9.8-3-4 











In addition to the above other grades of Dale Refined Iron can be 
supplied to meet more exacting demands which call for alloy additions 
and special processing. 





STANTON PIG IRON 





THE STANTON IRONWORKS COMPANY LIMITED NEAR NOTTINGHAM 
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-. for 
f preheating 


\ wair 
‘and fuel 
a 


NA COMmp~I0S em 
Gas Fired Air Heater—8500 cfm of 6 psi 
blast heated to 750°C. 
Picture by kind permission of 
National Smeiting Company Limited 


Please send for a copy 
of our new illustrated brochure giving 


full details of our design, manufacture and erection service : engineered to 


s e individual 
Thermal Efficiency Ltd [aur 
Northumberland House, 303/306 High Holborn, London, WC1 Chancery 8173 


MANUFACTURERS AND DESIGNERS OF METALLIC RECUPERATORS AND 
AIR HEATERS FOR FURNACES, CUPOLAS AND STEAM BOILER PLANT. 


TA 4003 
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PIG 


SHEPPARD CASTING 


Standard equipment 


for medium 


capacity pig iron 


production. 
Sheppard Pig 


Casting Machines 
can be supplied as 
single, or double 
strain units with 


Capacities ranging 
up to 100 tons 
per hour. 


MACHINE 






SHEPPARD © 
CASTING 
MACHINES 
can produce 
INGOTS in 
ALUMINIUM 
BRASS - BRONZE 
GUNMETAL - LEAD 
COPPER - ZINC 
REFINED & PIG IRONS 














SHEPPARD & SONS LTD « BRIDGEND «- GLAMORGAN 
Telephone: Bridgend 3201 
LONDON OFFICE: SADDLERS HALL, GUTTER LANE, E.C.2. Tel: MONARCH 7351 
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AXE 60 


HYALAXE 
SA 


BAUXITE 
AXE 44 


SUPERAXE + 
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AX REFRACTORIES 


FOR STEELWORKS 
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I i 
: : 
SUPERAXE GRADE ' 
j GENERAL PURPOSES FURNACE BRICK j 
FOR HIGH HEAT DUTY 
{ Made from best Scottish Firecla ] 
y 
| | 
{ 
INGOT HEADS, O. H. REGENERATORS, SOAKING PITS, MILL j 
“| FURNACES, BLAST FURNACE & HOT BLAST STOVE LININGS, CHECKERS, etc t 
} | 
| | 


The BURN FIRECLAY CO. LTD. 


76, JESMOND ROAD, NEWCASTLE UPON TYNE, 2. 
TELEPHONE: NEWCASTLE 81-3301 
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The Barber, Engraving by A. Bosse, circa 1640. 
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Copyright, Radio Times Hulton Picture Library. 
‘Every mar to bis own trade — 


-.-. and our trade is STE Ee LY 


Not only mild steel for everyday use but also the special steels 
demanded by the Nuclear Age... for example we produced 
the special stee! plates for the reactor vessels at Calder Hall, 
Chapelcross and Bradwell and supplied plates for the nuclear 


power station reactor at Latina, Italy. 


An interesting booklet ‘‘ Steels for the Job” 
just published by us, describes some of our 
newer products. We shall be delighted to send you a copy. 


YOU SHOULD HAVE 


THIS BOOK. Our technical and research department will also welcome 


enquiries from any whose problem is... STEEL 


CONSETT IRON COMPANY LIMITED. CONSETT, COUNTY DURHAM 


Télephone : Consett 341 (12 lines) Telegrams: Steel Phone Consett. 
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Constant 
Pressure Control 


The answer to the 
Ring Main System 


This patented automatic control of the Plenty 
‘Universal’ variable capacity pump is now 
available on the type ‘200’, ‘500’ and ‘1100’ 
pumps, the special range designed for oil firing 
duties. 

C.P.C. ensures a steady discharge pressure 
despite the varying demand, viscosity 

and temperature of the fuels, resulting in 
maximum running economy. 


Plenty constant-pressure control mechanism. 


Send for the special leaflet to: The Type ‘200° Plenty pump fitted with the 


EAGLE IRON WORKS 
NEWBURY, BERKS., England 


Telephone: NEWBURY 2363 (5 lines) Telegrams: PLENTY, NEWBURY, TELEX 
Telex: 84110 


& SON Ltd 











HIGHER PRODUCTIVITY is the key to lower prices. 
N-i-F-E-S work for more than 5,000 firms has 
resulted in:— 

Increased Production 

Better Quality Products 

20% Lower Fuel Bills 

Savings of more than £10,000,000 


Your enquiries are invited.... 


#-2-P- 2:3 


Nationa/ industrial Fuel Efficiency Service 


71 GROSVENOR STREET LONDON W1 


Telephone: Hyde Park 9706 


British Industry's Ally in the Pursuit of Higher Productivity 
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consistency 


on the 


grand scale 


Blast furnaces depend on it. Metallurgists count on it...Ores must 
be blended precisely, and fed with unvarying consistency to the blast 
furnace... That is the reason why Robins-Messiter blending plant was 
installed in Italy. 


Rely on the experience of & 6.C 


360 
THE GENERAL ELECTRIC COMPANY LIMITED OF ENGLAND, FRASER & CHALMERS ENGINEERING WORKS, ERITH, KENT 
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The 


BIBBY 


Kesitient 
COUPLING 


World famous for outstanding per- 
formance and reliability. Made ina 
wide range of types, all employing the 
same basic principle of Bibby design. 





Special types include: Brakewheel, Cardan 
Shaft, Turbine, Shear pin, Controlled 
Torque, Spacer and others. 


THE WELLMAN BIBBY COMPANY LIMITED, PARNELL HOUSE, WILTON ROAD, LONDON, S.W.1 
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64 BLAST FURNACES 
120 HOT BLAST STOVES 


62 STEEL MELTING 
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STAFF: 250 MEN, includes— 


tia 100 FURNACE BRICKLAYERS 


ATTERSALL 
— rors MIDDLESBROUGH 


137 SOUTHFIELD ROAD Telephone 2320 
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Evena \ 


N 


CHIEF ENGINEER 


CAN BE PUZZLED! 





DOBOD. . 


DEWHURST 


& PARTNER LIMITED 


January, 1961 


Hectic days these 
Is everything under control? 
Pushbuttons, timers, isolators, 
Electric motors in pumping room, casting room, plating shop 
Mustn’t fail or production loss, loss, loss 
Processes integrated, sequences correlated 
Is there a spanner in the house? 
Electric, electronic, esoteric functions all, 
Cosset them, cuss at them, keep them in hand 
Motor selection, overload protection — don’t forget 
It’s the wife’s birthday tomorrow 
J. B.’s new ideas for the finishing line; humour him, 
Might be possible, though. 
Mains wiring, control wiring, where’s the labour coming from? 
Control gear — DUPAR — that’s the name 


Must write. 


wort re 7 ee ———2 as ae 
x ee, en aes 
/ SHED THE LOAD of your motor control problems 
by consulting the Dewhurst Technical Advisory Service. 


engineering and allied fields. 


— i) 
—_—- 
— 

—_—_—— 


There is DUPAR control equipment for all / 


— 
_ 
—_— 
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dpandabilty 


INVERNESS WORKS: HOUNSLOW: MIDDLESEX 





\ 


/ 


Telephone: HOUnslow 7791 (i2 lines) - Telegrams: DEWHURST - HOUNSLOW 


Field Offices at : 


BIRMINGHAM ° GLASGOW - GLOUCESTER ‘LEEDS - MANCHESTER © NEWCASTLE - NOTTINGHAM 
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ENGINEERING 


MARINE 
WELDING & 
NUCLEAR ENERGY 


EXHIBITION 





THE LARGEST EVENT OF ITS KIND IN THE WORLD 
& 
Olympia- London 
& 
April 20 - May 4 


1961 


For full details, please write to the organisers: 
F. W. BRIDGES & SONS LTD. 
Grand Buildings. Trafalgar Square, London, W.C.2. 
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REVOLVING TABLE BRICK PRESS 





Suitable for automatic semi-automatic production, 
all types of high grade refractory—standard shapes and 
large blocks, including tar Dolomite. 


Many special features. 
Automatic take-off gear. 
Push Button operation. 


Automatic cleaning top plunger plates, which may include 
badges, monograms, etc. 


Variable pressure. 
Accurate, clean shapes. 


Reliability, Press is designed for continuous high speed 
operation. Will produce either a single block or four 
standard bricks per pressing operation. 


Alternative sizes and outputs available. 


Also Floating Mould Box. 





Photograph by permission of 
Pickford, Hollond & Co. Ltd 


JOHN SHAW 


Write for fully descriptive illustrated 
catalogue of the JOHN SHAW PRESSES 


JOHN SHAW & SONS (SALFORD) LTD 
Wellington Works, St. Stephens Street 


SALFORD LANCASHIRE 
Telephone: Blackfriars 4844 
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for continuous annealing 
of hot rolled silicon steel 
strip followed 

by rapid air cooling 

























View of Air Cooling Section Photographs by kind permission of 
Messrs. Richard Thomas & Baldwins 


Led., Midland Section & 
= Gi04 


All enquiries to GIBBONS BROTHERS LTD., Dibdale. Dudley, Worcs. Telephone: Dudley 55/41 (P.8.x 








By arrangement with the Department of Scientific 

and Industrial Research, The Iron and Steel Institute 
STA [ in English is now publishing monthly a complete English- 
language version of ST AL (Stee/), the major Russian 
periodical in the field of iron and steelmaking tech- 
nology. The developments reported in Stal in English 
are of the greatest interest to everyone connected with 
iron and steelmaking. 

The rates of subscription are as follows: 


Annual subscription (12 issues) £20 0 0 
Special subscription to Members of 
The Iron and Steel Institute £1500 


Postage is extra, at a rate of ls per copy. Single 
copies may be obtained at £200 each (Members 
£1 10 0). 

Orders should be sent to 


The Secretary 
THE IRON AND STEEL INSTITUTE 
4 Grosvenor Gardens, London SW1 
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Pm a versatile type 


-e..-!’ma Renold precision roller chain—the most versatile transmission medium 
yet invented. Like a molecule of iron—the most versatile element in industry 
—i'm everywhere. Industry can’t do without me and every day more and more 


problems are being solved by my imaginative application. 


RENOLD cHaAINs 


versatile durable efficient 


RENOLD CHAINS LIMITED «+ MANCHESTER 
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SPECIALLY DEVELOPED 


AND TESTED 
REFRACTORIES 
for the 

lron and Steel Industry 


Pearson refractories have a great name 
for quality and reliability throughout 
the industry. Standard brick sizes are 
immediately available in a wide range of 
materials — special types of shapes are 
made to order. Send for full technical 
information and prices. 














uP 


E. J. & J. PEARSON LTD. 


FIREBRICK WORKS, STOURBRIDGE, WORCS. 
Telephone : Brierley Hill 7720! 
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Vacuum melted steels are consistently free of inclusions 
and exceptionally clean. Steel for ball bearings treated 
ina vacuum furnace led to the following remarkable 
results: 


1. Bearing life consistently 100°,,—-200%, better 

than usual standards for normal temperature 
operations. 

2. Bearing life consistently up to 600%, longer 

for high temperature, high speed applications. 

3. Up to 90% reduction in bearing race rejects. 
Would metals with such characteristics make your pro- 
duction better? Wild-Barfield—-NRC vacuum melting 
furnaces enable you to develop materials specially 
suited to your needs. Backed by the experience of the 
National Research Corporation, who have built and 
operated more high vacuum furnaces than any other 
company in the world, Wild-Barfield—NRC vacuum 
equipment covers most needs. Write for details of the 
range. 


WILD-BARFIELD—NRC EQUIPMENT INCLUDES: 


VACUUM INDUCTION FURNACES 
VACUUM ARC FURNACES 
VACUUM RESISTANCE FURNACES 
VACUUM ANALYSING EQUIPMENT 
HIGH VACUUM DIFFUSION PUMPS 
LABORATORY VACUUM FURNACES 


NRC is the trade-mark of the Nationa! Research Corporation 
registered in the United States Potent Office. 
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COULD A VACUUM FURNACE 
DO THE SAME 
FOR YOUR PRODUCTS? 


Model 2555 Vacuum Induction 
Furnace with melting capacity of 
50 pounds of steel. Other standard 
furnaces have capacities of 12 to 
3,000 pounds 







Barre LD 


Model 2705 Non-Consumable Arc 
Skull Furnace with a capacity of 50 
pounds of titanium. Other standard 
vacuum arc furnaces have capacities of 
8 to 10,000 pounds of titanium. 








for all heat-treatment purposes 


WILD-BARFIELD ELECTRIC FURNACES LIMITED 


ELECFURN WORKS » OTTERSPOOL WAY ° WATFORD BY-PASS, WATFORD « HERTS ° Telephone: Watford 26091 (8 lines) 
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...and modern economic steel 
production demands automatic 
contro!. ELECTROFLO provide 
automatic control equipment for 
all aspects of steel production. 


FURNACE PRESSURE CON- 
TROL—the first essential of any 
steel furnace control system. 


TEMPERATURE CONTROL — 
for correct conditioning of the 
steel and protection of the 
furnace. 


AIR/FUEL RATIO CONTROL— 
for maintaining the correct fur- 
nace atmosphere and effecting 
fuel economy. Automatic contro! ana instrumentation of 3-zone Morgan multi-fuel fired 


billet reheating furnace supplied to A/S NORSK JERNVERK, MO-I-RANA, 
NORWAY. (Furnace designers—The International Construction Co. Ltd. London). 
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